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Colour CCTV camera, 8mm lens, 12V d.c. 200mA 582x628 
Resolution 380 lines Automatic aperture lens Mirror function PAL 
Back Light Compensation MLR, 100x40x40mm. Ref EE2 £69 


Built-in Audio .15lux CCD camera 12V d.c. 200mA 480 lines 
s/n ratio >48db 1v P-P output 110x60x50mm. Ref EE1 £99 


Metal CCTV camera housings for internal or external use. Made 
from aluminium and plastic they are suitable for mounting body 
cameras in. Available in two sizes 1 — 100x10x170mm and 2 — 
100x70x280mm. Ref EE6 £22 EE7 £26 multi-position brackets. 
Ref EE8 £8 


Excellent quality multi-purposeTV/TFT screen, works as just a 
LCD colour monitor with any of our CCTV cameras or as a 
conventional TV. Ideal for use in boats and caravans 49.7MHz- 
91.75MHz VHF channels 1-5,168.25MHz-222.75MHz VHF 
channels 6-12, 471.25MHz-869.75MHz, Cable channels 
112.325MHz-166.75MHz Z1-Z7, Cable channels 224.25MHz- 
446.75MHz Z8-Z35 5” colour screen. Audio output 150mW. 
Connections, external aerial, earphone jack, audio/video input, 
12V d.c. or mains, Accessories supplied Power supply, Remote 
control, Cigar lead power supply, Headphone Stand/bracket. 5” 
model £139 Ref EE9, 6” model £149. Ref EE10 


Fully cased IR light source suitable for CCTV applications. The unit 
measures 10x10x150mm, is mains operated and contains 54 infra- 
red LEDs. Designed to mount on a standard CCTV camera bracket. 
The unit also contains a daylight sensor that will only activate the 
infra red lamp when the light level drops below a preset level. The 
infrared lamp is suitable for indoor or exterior use, typical useage 
would be to provide additional IR illumination for CCTV cameras. 


£49. Ref EE11 
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This device is mains operated and designed to be used with a 
standard CCTV camera causing it to scan. The black clips can be 
moved to adjust the span angle, the motor reversing when it 
detects a clip. With the clips removed the scanner will rotate 
constantly at approx 2.3rpm. 75x75x80mm £23. Ref EE12 
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Colour CCTV Camera measures 60x45mm and has a built in light 
level detector and 12 IR LEDs .2 lux 12 IR LEDs 12V d.c. Bracket 
Easy connect leads £69. Ref EE15 
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A high quality external colour CCTV camera with built in Infra-red 
LEDs measuring 60x60x60mm Easy connect leads colour 
Waterproof PAL 1/4’ CCD 542x588 pixels 420 lines .05 lux 3.6mm 
F2 78 deg lens 12V d.c. 400mA Built in light level sensor. £99. Ref 
EE13 
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A small compact colour CCTV camera measuring just 
35x28x30mm (camera body) Camera is supplied complete with 
mounting bracket, built in IR, microphone and easy connect leads. 
Built in audio Built in IR LEDs Colour 380 line resolution PAL 0.2 
us +18db sensitivity. Effective pixels 628x582 Power source 6-12V 
d.c. Power consumption 200mW £36. Ref EE16 
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colour camera with simple battery connection and a receiver with 
video output. 380 lines colour 2.4GHz 3 lux 6-12V d.c. manual 
tuning Available in two versions, pinhole and standard. £79 
(pinhole) Ref EE17, £79 (standard). Ref EE18 


Small transmitter designed to transmit audio and video signals on 
2.4GHz. Unit measures 45x35x10mm.ldeal for assembly into 
covert CCTV systems Easy connect leads Audio and video input 
12V d.c. Complete with aerial Selectable channel switch £30. Ref 
EE19 
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2.4GHz wireless receiver Fully cased audio and video 2.4GHz 
wireless receiver 190x140x30mm, metal case, 4 channel, 12V d.c. 
Adjustable time delay, 4s, 8s, 12s, 16s. £45. Ref EE20 
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Colour pinhole cctv camera module with audio Compact colour 
pinhole camera measuring just 20x20x20mm, built-in audio and 
easy connect leads PAL CMOS sensor 6-9V d.c. Effective Pixels 
628x582 Illumination 2 lux Definition >240 Signal/noise ratio 
>40db Power consumption 200mW £35. Ref £35 
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Self-cocking pistol plcr002 crossbow with metal body. Self-cocking 
for precise string alignment Aluminium alloy construction High tec 
fibre glass limbs Automatic safety catch Supplied with three bolts 
Track style for greater accuracy. Adjustable rearsight 50lb 
drawweight 150ft sec velocity Break action 17” string 30m range 
£21.65 Ref PLCROO2 INFRA-RED FILM 6” square piece of 
flexible infra-red film that will only allow IR light through. Perfect for 
converting ordinary torches, lights, headlights etc to infra-red 
output only using standard light bulbs Easily cut to shape. 6” 
square £15. Ref IRF2 or a 12” sq for £29 IRF2A NEW 12V 12” 
SQUARE SOLAR PANEL Kevlar backed, 3watt output. Copper 
strips for easy solder connections £14.99. Ref 15P42 PACK OF 4 
JUST £39.95. REF 15P42SP 
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Dummy CCTV cameras These motorised cameras will work either on 
2 AA batteries or with a standard DC adapter (not supplied) They have 
a built in movement detector that will activate the camera if movement 
is detected causing the camera to ‘pan’ Good deterrent. Camera 
measures 20cm high, supplied with rawl plugs and fixing screws. 
Camera also has a flashing red LED built in. £9.95. Ref CAMERAB 


BULL ELECTRICAL 


UNIT D, HENFIELD BUSINESS PARK, 
HENFIELD, SUSSEX BN5 9SL 
TERMS: CASH, PO OR CHEQUE WITH ORDER 
PLUS £5.50 P&P (UK) PLUS VAT. 

24 HOUR SERVICE £7.50 (UK) PLUS VAT. 
OVERSEAS ORDERS AT COST PLUS £3.50 


(ACCESS/VISA/SWITCH ACCEPTED) 
*phone: 01273 491490 Fax 491813 


Sales @ bullnet.co.uk 


POWERSAFE DEEP CYCLE BATTERIES 


6V 100AH NOW ONLY £19 EACH 


12V 51AH NOW ONLY £29.95 EACH 


We also have some used 2.3AH 12V (same as above) these are 
tested and in good condition and available at an extremely good 
price for bulk buyers, box of 30 just £49.99. Ref SLB23C 
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Aiptek Pocket DV Up to 2000 still pics before requiring download! 
The all new Pocket DY, it’s amazing . .. such advanced technology, 
such a tiny size — you will be the envy of your friends!! This camera 
will take up to 3.5 minutes of Video and Audio, up to 2000 digital 
still pictures or 30 minutes of voice recording! Then just connect it 
to your PC via the USB cable (Supplied) and after transferring the 
data you can start all over again!! £69. Ref POCKETDV 
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The smallest PMR446- radios currently available 
(54x87x37mm).These tiny handheld PMR radios not only look 
great, but they are user friendly & packed with features including 
VOX, Scan & Dual Watch. Priced at £59.99 PER PAIR they are 
excellent value for money. Our new favourite PMR radios! Standby: 
— 35 hours Includes: — 2 x Radios, 2 x Belt Clips & 2 x Carry Strap 
£59.95 Ref ALAN1 Or supplied with 2 sets of rechargeable 
batteries and two mains chargers £84.99. Ref Alan2 
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Beltronics BEL55O Euroradarand GATSO detector Claimed 
Detection Range: GATSO up 400m. Radar & Laser guns up to 3 
miles. Detects GATSO speed cameras at least 200 metres away, 
plenty of time to adjust your speed £319. Ref BEL550 
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Fully Portable —- Use anywhere Six automatic programmer for full 
body pain relief, shoulder pain, back/neck pain, aching joints, 
rheumatic pain, sports injuries EFFECTIVE DRUG FREE PAIN 
RELIEF TENS (Transcutaneous Electrical Nerve Stimulation) units 
are widely used in hospitals, clinics throughout the United 
Kingdom for effective drug free pain relief. This compact unit is 
now approved for home use. TENS works by stimulating nerves 
close to the skin releasing endorphins (natures anesthetics) and 
helping to block the pain signals sent to the brain. Relief can begin 
within minutes, and a 30 minute treatment can give up 12 hours 
relief or more. TheTENS mini Microprocessors offer six types of 
automatic programme for shoulder pain, back/neck pain, aching 
joints, Rheumatic pain, migraines headaches, sports injuries, 
period pain. In fact all over body treatment. Will not interfere with 
existing medication. Not suitable for anyone with a heart 
pacemaker. Batteries supplied. £19.95 Ref TEN327 Spare pack of 
electrodes £5.99. Ref TEN327X 
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SENSITIVITY 
SUPER MOTION SENSOR 


© Wimborne Publishing Ltd 2003. Copyright in all 
drawings, photographs and articles published in 
EVERYDAY PRACTICAL ELECTRONICS is fully 
protected, and reproduction or imitations in whole or 
in part are expressly forbidden. 


Projects and Circuits 


SUPER MOTION SENSOR by Thomas Scarborough 316 
A highly responsive design that even detects a single finger moving 
at five metres! 


INGENUITY UNLIMITED hosted by Alan Winstanley 326 
Fully Automatic Egg Timer; Heart Rate Monitor; Microwatt L.E.D. Flasher 
DOOR CHIME by Bart Trepak 328 


Give your front door that “ding-dong” appeal of yesteryear! 

BACK TO BASICS - Part 4. Live Wire Detector; Medium Wave Radio 346 
by Bart Trepak. Illustrating how transistors can create useful designs 

EARTH RESISTIVITY LOGGER - Part 2 by John Becker 360 
Describing the software that helps locate the hidden mysteries 

of our ancestors 


Series and “Features 


TECHNO TALK by Andy Emmerson 322 
Barcodes are set to disappear! 

NEW TECHNOLOGY UPDATE by lan Poole 332 
Improved antennae materials enhance mobile phone comms 

CIRCUIT SURGERY by Alan Winstanley and lan Bell 334 
Digital timing without glitches; More on circuit diagram symbols 

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 352 
Sniping a deal on eBay; Paying by Paypal 

PRACTICALLY SPEAKING by Robert Penfold 354 


Constructor’s guide to building circuits on plain matrix board 


Regulars and Services 


EDITORIAL 315 
NEWS - Barry Fox highlights technology's leading edge 323 
Plus everyday news from the world of electronics 

BACK ISSUES Did you miss these? Many now on CD-ROM! 338 
READOUT John Becker addresses general points arising 343 
SHOPTALK with David Barrington 350 
The essential guide to component buying for EPE projects 

PLEASE TAKE NOTE Earth Resistivity Logger Part 1 (Apr 03) 350 
CD-ROMS FOR ELECTRONICS 356 
A wide range of CD-ROMs for hobbyists, students and engineers 

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 359 
PCBs for EPE projects. Plus EPE project software 

DIRECT BOOK SERVICE 369 
A wide range of technical books available by mail order, plus more CD-ROMs 
ELECTRONICS MANUALS 372 
Essential reference works for hobbyists, students and service engineers 
ADVERTISERS INDEX 376 
FREE SUPPLEMENT 

EPE PIC TUTORIAL V2 - Part 2 between pages 340 and 341 


Quite simply the best low-cost way to learn about using PICs! An enhanced 
revision of our highly acclaimed series of 1998. Part 3 published next month. 


Our June 2003 issue will be published on Thursday, 
8 May 2003. See page 307 for details 


Everyday Practical Electronics, May 2003 


Readers Services @ Editorial and Advertisement Departments 315 
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NEXT MONTH 


PICRONOS L.E.D. 
WALL CLOCK 


Inspired by a reader whose giant I.e.d. wall clock had 
ticked its last tock and could not be revived, this design 
uses a mixture of ancient and modern techniques, old in 
the form of I.e.d.s for the display rather than an l.c.d., and 
modern in the form of a PIC microcontroller (inevitably!). It 
has the following characteristics: 


@ Crystal controlled 

@ Circular display having diameter of 250mm (9-3in.) 

@ Inner ring of 60 I.e.d.s displaying both seconds and 
minutes 

@ Outer ring of 12 |.e.d.s displaying hours in conventional 
(analogue) 12-hour format 

@ Inner zone of 100 I.e.d.s in 4-digit 7-segment numerical 
format, cyclically displaying hours (24-hour format) and 
minutes, months and days of month, and temperature in 
degrees Celsius 

@ Powered at 9V to 12V d.c. via a mains supply adaptor, 
with battery back-up 

@ Adjustable brilliance of the |.e.d. numerals to suit 
personal taste 


RADIO 
’ CIRCUITS 


Intended to dispel the mysteries of radio, 
this short series of articles by Raymond 
Haigh features a variety of circuits for 
the set builder and experimenter. 

Towards the end of the 19th century, 
sending a radio signal a few hundred yards 
was considered a major achievement. At the 
close of the 20th, man was communicating 
with space probes at the outermost edge of 
the solar system. No other area of science 
and technology has affected the lives of 
people more completely. 

This series will view the technology in a 
historical perspective and try to dispel its 
mysteries. The main purpose, however, is to 
present a variety of practical circuits for set builders and experimenters. You will be 
able to build a wide range of receivers, everything from a crystal set to a superhet. 


FIDO 
PEDOMETER 


Fido’s designer enjoys trekking in remote 
regions where estimating the distance 
walked can be difficult and retracing steps 
frustrating! He developed Fido to help solve 
this problem without the expense of buying 
a GPS navigational aid. Fido can record the 
distance traversed by a walker or runner 
and calculates average speed — a useful 
addition when planning how long it will take 
to get back to comfort! 

A PIC16F84A microcontroller is employed 
and the unit can be set to work in miles or 
kilometres. Clever software allows Fido to 
be taught to stay at heel — to recognise the 
length of your stride and keep track of your 
progress. 
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Everyday Practical Electronics, May 2003 


DON'T MISS AN 
ISSUE - PLACE YOUR 


ORDER NOW! 


Demand is bound to be high 


307 


E 
0 
0 
f 
° 
- 
e 
0 
0 
m 
be 
G 
0 
6 
a 
: 
: 
: 
: 


Established 1990 


QuasaR GtectRonics WimiteD 
PO Box 6935, BISHOPS STORTFORD, Herts. CM23 4WP. 


TEL: 0871 717 7168 


FAX: 0871 277 2728 


ADD £2.00 P&P to all orders (or 1st Class Recorded £4, Next day 


(Insured £250) £7, Europe £5.00, Rest of World £10.00). We accept all 
major credit cards. Make cheques/PO's payable to Quasar Electronics. 
Prices include 17.5% VAT. MAIL ORDER ONLY 

FREE CATALOGUE with order or send 2 x 1st class stamps 
(refundable) for details of over 150 kits & publications. 


PROJECT KITS 


Our electronic kits are supplied complete with all components, high quality PCBs 
(NOT cheap Tripad strip board!) and detailed assembly/operating instructions 


@ 2 x 25W CAR BOOSTER AMPLIFIER Connects to 
the output of an existing car stereo cassette player, 
CD player or radio. Heatsinks provided. PCB 
76x75mm. 1046KT. £24.95 

@ 3-CHANNEL WIRELESS LIGHT MODULATOR 
No electrical connection with amplifier. Light modu- 
lation achieved via a sensitive electret microphone. 
Separate sensitivity control per channel. Power 
handing 400W/channel. PCB 54x112mm. Mains 
powered. Box provided. 6014KT £24.95 

@ 12 RUNNING LIGHT EFFECT Exciting 12 LED 
light effect ideal for parties, discos, shop-windows & 
eye-catching signs. PCB design allows replacement 
of LEDs with 220V bulbs by inserting 3 TRIACs. 
Adjustable rotation speed & direction. PCB 
54x112mm. 1026KT £15.95; BOX (for mains opera- 
tion) 2026BX £9.00 

@ DISCO STROBE LIGHT Probably the most excit- 
ing of all light effects. Very bright strobe tube. 
Adjustable strobe frequency: 1-60Hz. Mains powered. 
PCB: 60x68mm. Box provided. 6037KT £28.95 


@ ANIMAL SOUNDS Cat, dog, chicken & cow. Ideal 
for kids farmyard toys & schools. SG10M £5.95 

@ 3 1/2 DIGIT LED PANEL METER Use for basic 
voltage/current displays or customise to measure 
temperature, light, weight, movement, sound lev- 
els, etc. with appropriate sensors (not supplied). 
Various input circuit designs provided. 3061KT 
£13.95 

@ IR REMOTE TOGGLE SWITCH Use any TV/VCR 
remote control unit to switch onboard 12V/1A relay 
on/off. 3058KT £10.95 

SPEED CONTROLLER for any common DC motor up 
to 100V/5A. Pulse width modulation gives maximum 
torque at all speeds. 5-15VDC. Box provided. 3067KT 
£12.95 

@ 3 x 8 CHANNEL IR RELAY BOARD Control eight 12V/1A 
relays by Infra Red (IR) remote control over a 20m range in 
sunlight. 6 relays turn on only, the other 2 toggle on/off. 3 oper- 
ation ranges determined by jumpers. Transmitter case & all 
components provided. Receiver PCB 76x89mm. 3072KT 
£52.95 


PRODUCT FEATURE 
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SURVEILLANCE 


High performance surveillance bugs. Room transmitters supplied with sensitive electret microphone & battery holder/clip. All transmit- 
ters can be received on an ordinary VHF/FM radio between 88-108MHz. Available in Kit Form (KT) or Assembled & Tested (AS). 


ROOM SURVEILLANCE 

@ MTX - MINIATURE 3V TRANSMITTER Easy to build & guar- 
anteed to transmit 300m @ 3V. Long battery life. 3-5V operation. 
Only 45x18mm. B 3007KT £6.95 AS3007 £11.95 

MRTX - MINIATURE 9V TRANSMITTER Our best selling bug. 
Super sensitive, high power - 500m range @ 9V (over 1km with 
18V supply and better aerial). 45x19mm. 3018KT £7.95 AS3018 
£12.95 

HPTX - HIGH POWER TRANSMITTER High performance, 2 
stage transmitter gives 
greater stability & higher qual- 

ity reception. 1000m range 6- 
12V DC operation. Size 
70x15mm. 3032KT £9.95 
AS3032 £18.95 

@ MMTX- MICRO-MINIATURE 9V TRANSMITTER The ultimate 
bug for its size, performance and price. Just 15x25mm. 500m 
range @ 9V. Good stability. 6-18V operation. 3051KT £8.95 
AS3051 £14.95 

@ VTX - VOICE ACTIVATED TRANSMITTER Operates only 
when sounds detected. Low standby current. Variable trigger sen- 
sitivity. 500m range. Peaking circuit supplied for maximum RF out- 
put. On/off switch. 6V operation. Only 63x38mm. 3028KT £12.95 
AS3028 £24.95 

HARD-WIRED BUG/TWO STATION INTERCOM Each station 
has its own amplifier, speaker and mic. Can be set up as either a 
hard-wired bug or two-station intercom. 10m x 2-core cable sup- 
plied. 9V operation. 3021KT £15.95 (kit form only) 

@ TRVS - TAPE RECORDER VOX SWITCH Used to automati- 
cally operate a tape recorder (not supplied) via its REMOTE sock- 
et when sounds are detected. All conversations recorded. 
Adjustable sensitivity & turn-off delay. 115x19mm. 3013KT £9.95 
AS3013 £21.95 


TELEPHONE SURVEILLANCE 

@ MTTX - MINIATURE TELEPHONE TRANSMITTER Attaches 
anywhere to phone line. Transmits only when phone is used! 
Tune-in your radio and hear both parties. 300m range. Uses line 
as aerial & power source. 20x45mm. 3016KT £8.95 AS3016 
£14.95 

@ TRI - TELEPHONE RECORDING INTERFACE Automatically 
record all conversations. Connects between phone line & tape 
recorder (not supplied). Operates recorders with 1.5-12V battery 
systems. Powered from line. 50x33mm. 3033KT £9.95 AS3033 
£18.95 

@ TPA - TELEPHONE PICK-UP AMPLIFIER/WIRELESS 
PHONE BUG Place pick-up coil on the phone line or near phone 
earpiece and hear both sides of the conversation. 3055KT £11.95. 
AS3055 £20.95 


HIGH POWER TRANSMITTERS 

@ 1 WATT FM TRANSMITTER Easy to construct. Delivers a 
crisp, clear signal. Two-stage circuit. Kit includes microphone and 
requires a simple open dipole aerial. 8-30VDC. PCB 42x45mm. 
1009KT £12.95 

@ 4 WATT FM TRANSMITTER Comprises three RF 
stages and an audio preamplifier stage. Piezoelectric 
microphone supplied or you can use a separate preampli- 
fier circuit. Antenna can be an open dipole or Ground 
Plane. Ideal project for those who wish to get started in the 
fascinating world of FM broadcasting and want a good 
basic circuit to experiment with. 12-18VDC. PCB 
44x146mm. 1028KT. £22.95 AS1028 £34.95 

@ 15 WATT FM TRANSMITTER (PRE-ASSEMBLED & 
TESTED) Four transistor based stages with Philips BLY 
88 in final stage. 15 Watts RF power on the air. 88- 
108MHz. Accepts open dipole, Ground Plane, 5/8, J, or 
YAGI antennas. 12-18VDC. PCB 70x220mm. SWS meter 
needed for alignment. 1021KT £99.95, 

@ SIMILAR TO ABOVE BUT 25W Output. 1031KT £109.95 


COMPUTER TEMPERATURE DATA LOGGER 

PC serial port controlled 4-channel temperature 
meter (either deg C or F). Requires no external 
power. Allows continuous temperature data logging of 
up to four temperature sensors located 200m+ from 
motherboard/PC. Ideal use for old 386/486 comput- 
ers. Users can tailor input data stream to suit their 
purpose (dump it to a spreadsheet or write your own 
BASIC programs using the INPUT command to grab 
the readings). PCB just 38mm x 38mm. Sensors con- 
nect via four 3-pin headers. 4 header cables supplied 


but only one DS18S20 sensor. 

Kit software available free from our website. 
ORDERING: 3145KT £23.95 (kit form); 
AS3145 £29.95 (assembled); 

Additional DS18S20 sensors £4.95 each 


@ SOUND EFFECTS GENERATOR Easy to build. 
Create an almost infinite variety of interesting/unusu- 
al sound effects from birds chirping to sirens. 9VDC. 
PCB 54x85mm. 1045KT £8.95 

@ ROBOT VOICE EFFECT Make your voice 
sound similar to a robot or Darlek. Great fun for 
discos, school plays, theatre productions, radio 
stations & playing jokes on your friends when 
answering the phone! PCB 42x71mm. 1131KT 
£8.95 

@ AUDIO TO LIGHT MODULATOR Controls intensi- 
ty of one or more lights in response to an audio input. 
Safe, modern opto-coupler design. Mains voltage 
experience required. 3012KT £8.95 

@ MUSIC BOX Activated by light. Plays 8 Christmas 
songs and 5 other tunes. 3104KT £7.95 

@ 20 SECOND VOICE RECORDER Uses non- 
volatile memory - no battery backup needed. 
Record/replay messages over & over. Playback as 
required to greet customers etc. Volume control & 
built-in mic. 6VDC. PCB 50x73mm. 

3131KT £12.95 

@ TRAIN SOUNDS 4 selectable sounds : whistle 
blowing, level crossing bell, ‘clickety-clack’ & 4 in 
sequence. SGO1M £6.95 


».< FACTOR 


PUBLICATIONS 
THE EXPERTS IN RARE & 
UNUSUAL INFORMATION! 
Full details of all X-FACTOR PUBLICATIONS can be found in 


our catalogue. N.B. Minimum order charge for reports and plans 
is £5.00 PLUS normal P&P. 


@ SUPER-EAR LISTENING DEVICE Complete plans to 
build your own parabolic dish microphone. Listen to distant 
voices and sounds through open windows and even walls! 
Made from readily available parts. R002 £3.50 

@ LOCKS - How they work and how to pick them. This fact 
filled report will teach you more about locks and the art of 
lock picking than many books we have seen at 4 times the 
price. Packed with information and illustrations. R008 £3.50 
@ RADIO & TV JOKER PLANS 

We show you how to build three different circuits for disrupt- 
ing TV picture and sound plus FM radio! May upset your 
neighbours & the authorities! DISCRETION REQUIRED. 
R017 £3.50 

@ INFINITY TRANSMITTER PLANS Complete plans for 
building the famous Infinity Transmitter. Once installed on the 
target phone, device acts like a room bug. Just call the target 
phone & activate the unit to hear all room sounds. Great for 
home/office security! R019 £3.50 

@ THE ETHER BOX CALL INTERCEPTOR PLANS Grabs 
telephone calls out of thin air! No need to wire-in a phone 
bug. Simply place this device near the phone lines to hear the 
conversations taking place! R025 £3.00 

@ CASH CREATOR BUSINESS REPORTS Need ideas for 
making some cash? Well this could be just what you need! 
You get 40 reports (approx. 800 pages) on floppy disk that 
give you information on setting up different businesses. You 
also get valuable reproduction and duplication rights so that 
you can sell the manuals as you like. R030 £7.50 
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@ PC CONTROLLED RELAY BOARD 

Convert any 286 upward PC into a dedicated auto- 
matic controller to independently turn on/off up to 
eight lights, motors & other devices around the 
home, office, laboratory or factory. Each relay output 
is capable of switching 250VAC/4A. A suite of DOS 
and Windows control programs are provided to- 
gether with all components (except box and PC 
cable). 12VDC. PCB 70x200mm. 3074KT £31.95 

@ 2 CHANNEL UHF RELAY SWITCH Contains the 
same transmitter/receiver pair as 30A15 below plus 
the components and PCB to control two 
240VAC/10A relays (also supplied). Ultra bright 
LEDs used to indicate relay status. 3082KT £27.95 
@ TRANSMITTER RECEIVER PAIR 2-button keyfob 
style 300-375MHz Tx with 30m range. Receiver 
encoder module with matched decoder IC. 
Components must be built into a circuit like kit 3082 
above. 30A15 £14.95 

@ PIC 16C71 FOUR SERVO MOTOR DRIVER 
Simultaneously control up to 4 servo motors. Software & 
all components (except servos/control pots) supplied. 
5VDC. PCB 50x70mm. 3102KT £15.95 

@ UNIPOLAR STEPPER MOTOR DRIVER for any 
5/6/8 lead motor. Fast/slow & single step rates. 
Direction control & on/off switch. Wave, 2-phase & 
half-wave step modes. 4 LED indicators. PCB 
50x65mm. 3109KT £14.95 

@ PC CONTROLLED STEPPER MOTOR DRIVER 
Control two unipolar stepper motors (8A max. each) 
via PC printer port. Wave, 2-phase & half-wave step 
modes. Software accepts 4 digital inputs from exter- 
nal switches & will single step motors. PCB fits in D- 
shell case provided. 3113KT £17.95 

@ 12-BIT PC DATA ACQUISITION/CONTROL UNIT 
Similar to kit 3093 above but uses a 12 bit Analogue- 
to-Digital Converter (ADC) with internal analogue 
multiplexor. Reads 8 single ended channels or 4 dif- 
ferential inputs or a mixture of both. Analogue inputs 
read 0-4V. Four TTL/CMOS compatible digital 
input/outputs. ADC conversion time <10uS. Software 
(C, QB & Win), extended D shell case & all compo- 
nents (except sensors & cable) provided. 3118KT 
£52.95 

@ LIQUID LEVEL SENSOR/RAIN ALARM Will indi- 
cate fluid levels or simply the presence of fluid. Relay 
output to control a pump to add/remove water when it 
reaches a certain level. 1080KT £5.95 

@ AM RADIO KIT 1 Tuned Radio Frequency front- 
end, single chip AM radio IC & 2 stages of audio 
amplification. All components inc. speaker provid- 
ed. PCB 32x102mm. 3063KT £10.95 

@ DRILL SPEED CONTROLLER Adjust the speed 
of your electric drill according to the job at hand. 
Suitable for 240V AC mains powered drills up to 


WEB: http://www.QuasarElectronics.com 
email: epesales@QuasarElectronics.com 


700W power. PCB: 48mm x 65mm. Box provided. 
6074KT £17.95 

@ 3 INPUT MONO MIXER Independent level con- 
trol for each input and separate bass/treble controls. 
Input sensitivity: 240mV. 18V DC. PCB: 60mm x 
185mm 1052KT £16.95 

@ NEGATIVE\POSITIVE ION GENERATOR 
Standard Cockcroft-Walton multiplier circuit. Mains 
voltage experience required. 3057KT £10.95 

@ LED DICE Classic intro to electronics & circuit 
analysis. 7 LED's simulate dice roll, slow down & land 
on a number at random. 555 IC circuit. 3003KT £9.95 
@ STAIRWAY TO HEAVEN Tests hand-eye co-ordi- 
nation. Press switch when green segment of LED 
lights to climb the stairway - miss & start again! 
Good intro to several basic circuits. 3005KT £9.95 
@ ROULETTE LED ‘Ball’ spins round the wheel, 
slows down & drops into a slot. 10 LED’s. Good intro 
to CMOS decade counters & Op-Amps. 3006KT 
£10.95 

@ 12V XENON TUBE FLASHER TRANSFORMER 
steps up a12V supply to flash a 25mm Xenon tube. 
Adjustable flash rate. 3163KT £13.95 

@ LED FLASHER 1 5 ultra bright red LED’s flash in 
7 selectable patterns. 3037MKT £5.95 

@ LED FLASHER 2 Similar to above but flash in 
sequence or randomly. Ideal for model railways. 
3052MKT £5.95 

@ INTRODUCTION TO PIC PROGRAMMING. 
Learn programming from scratch. Programming 
hardware, a P16F84 chip and a two-part, practical, 
hands-on tutorial series are provided. 3081KT 
£21.95 

@ SERIAL PIC PROGRAMMER for all 8/18/28/40 
pin DIP serial programmed PICs. Shareware soft- 
ware supplied limited to programming 256 bytes 
(registration costs £14.95). 3096KT £10.95 

@ ATMEL 89Cx051 PROGRAMMER Simple-to- 
use yet powerful programmer for the Atmel 
89C1051, 89C2051 & 89C4051 uC’s. Programmer 
does NOT require special software other than a 
terminal emulator program (built into Windows). 
Can be used with ANY computer/operating sys- 
tem. 3121KT £24.95 

@ 3V/1.5V TO 9V BATTERY CONVERTER Replace 
expensive 9V batteries with economic 1.5V batter- 
ies. IC based circuit steps up 1 or 2 ‘AA’ batteries to 
give 9V/18mA. 3035KT £5.95 

@ STABILISED POWER SUPPLY 3-30V/2.5A 
Ideal for hobbyist & professional laboratory. Very 
reliable & versatile design at an extremely reason- 
able price. Short circuit protection. Variable DC 
voltages (3-30V). Rated output 2.5 Amps. Large 
heatsink supplied. You just supply a 24VAC/3A 
transformer. PCB 55x112mm. Mains operation. 
1007KT £16.95. 


@ STABILISED POWER SUPPLY 2-30V/5A As kit 
1007 above but rated at 5Amp. Requires a 
24VAC/5A transformer. 1096KT £27.95. 

@ MOTORBIKE ALARM Uses a reliable vibration 
sensor (adjustable sensitivity) to detect movement 
of the bike to trigger the alarm & switch the output 
relay to which a siren, bikes horn, indicators or 
other warning device can be attached. Auto-reset. 
6-12VDC. PCB 57x64mm. 1011KT £11.95 Box 
2011BX £7.00 

@ CAR ALARM SYSTEM Protect your car from 
theft. Features vibration sensor, courtesy/boot light 
voltage drop sensor and bonnet/boot earth switch 
sensor. Entry/exit delays, auto-reset and adjustable 
alarm duration. 6-12V DC. PCB: 47mm x 55mm 
1019KT £11.95 Box 2019BX £8.00 

@ PIEZO SCREAMER 110dB of ear piercing noise. 
Fits in box with 2 x 35mm piezo elements built into 
their own resonant cavity. Use as an alarm siren or 
just for fun! 6-9VDC. 3015KT £10.95 

@ COMBINATION LOCK Versatile electronic lock 
comprising main circuit & separate keypad for 
remote opening of lock. Relay supplied. 3029KT 
£10.95 

@ ULTRASONIC MOVEMENT DETECTOR Crystal 
locked detector frequency for stability & reliability. PCB 
75x40mm houses all components. 4-7m range. 
Adjustable sensitivity. Output will drive external 
relay/circuits. 9VDC. 3049KT £13.95 

@ PIR DETECTOR MODULE 3-lead assembled 
unit just 25x35mm as used in commercial burglar 
alarm systems. 3076KT £8.95 

@ INFRARED SECURITY BEAM When the invisible 
IR beam is broken a relay is tripped that can be used 
to sound a bell or alarm. 25 metre range. Mains 
rated relays provided. 12VDC operation. 3130KT 
£12.95 

@ SQUARE WAVE OSCILLATOR Generates 
square waves at 6 preset frequencies in factors of 10 
from 1Hz-100KHz. Visual output indicator. 5-18VDC. 
Box provided. 3111KT £8.95 

@ PC DRIVEN POCKET SAMPLER/DATA LOG- 
GER Analogue voltage sampler records voltages 
up to 2V or 20V over periods from milli-seconds to 
months. Can also be used as a simple digital 
scope to examine audio & other signals up to 
about 5KHz. Software & D-shell case provided. 
3112KT £18.95 

@ 20 MHz FUNCTION GENERATOR Sauare, tri- 
angular and sine waveform up to 20MHz over 3 
ranges using ‘coarse’ and ‘fine’ frequency adjust- 
ment controls. Adjustable output from 0-2V p-p. A 
TTL output is also provided for connection to a 
frequency meter. Uses MAX038 IC. Plastic case 
with printed front/rear panels & all components 
provided. 7-12VAC. 3101KT £69.95 


30-in-ONE 
Electronic Projects Lab 


Great introduction to electronics. Ideal for the budding electron- 
ics expert! Build a radio, burglar alarm, water detector, morse 

code practice circuit, simple computer circuits, and much more! 
NO soldering, tools or previous electronics knowledge required. 


Circuits can be built and unassembled repeatedly. 


Comprehensive 68-page manual with explanations, schematics 
and assembly diagrams. Suitable for age 10+. Excellent for 


schools. Requires 2 x AA batteries. 


Order Code EPLO30 ONLY £14.95 (phone for bulk discounts). 


130, 300 and 500-in-ONE also available. 
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Secure Online Ordering Facilities 
Full Kit Listing, Descriptions & Photos 
Kit Documentation & Software Downloads 
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Enhanced ‘PICALL ISP PIC Programmer 


Kit will program virtually ALL 8 to 40 pin* " 

serial and parallel programmed PIC micro- 

controllers. Connects to PC parallel port. 

Supplied with fully functional pre- 

registered PICALL DOS and WINDOWS 

AVR software packages, all components 

and high quality DSPTH board. Also 

programs certain ATMEL AVR, SCENIX 

SX and EEPOM 24C devices. New devices can be added to the 
software as they are released. Blank chip auto detect feature for super- 
fast bulk programming. Hardware now supports ISP programming. 
*A 40 pin wide ZIF socket is required to program 0-3in. devices (Order 
Code AZIF40 @ £15.00). 


3144KT 
AS3144 


Enhanced ‘PICALL ISP PIC Programmer 
Assembled Enhanced ‘PICALL ISP 

PIC Programmer 

Assembled Enhanced ‘PICALL ISP PIC 
Programmer c/w ZIF socket 


AS3144ZIF 


ATMEL AVR Programmer 


Powerful programmer for Atmel 

AT90Sxxxx (AVR) micro controller fam- 

ily. All fuse and lock bits are program- 

))mable. Connects to serial port. Can be 

used with ANY computer and operat- 

ing system. Two LEDs to indicate pro- 

gramming status. Supports 20-pin DIP 

AT90S1200 & AT90S2313 and 40-pin 

DIP AT90S4414 & AT90S8515 devices. NO special software 

required — uses any terminal emulator program (built into 

Windows). The programmer is supported by BASCOM-AVR Basic 
Compiler software (see website for details). 


3122KT ATMEL AVR Programmer 
AS3122 Assembled 3122 


Atmel 89Cx051 and 89xxx programmers also available. 


PC Data Acquisition & Control Unit 


With this kit you can use a PC 

parallel port as a real world 

interface. Unit can be connected to a 

mixture of analogue and digital 

inputs from pressure, temperature, 

movement, sound, light intensity, 

weight sensors, etc. (not supplied) to 

sensing switch and relay states. It 

can then process the input data and 

use the information to control up to 11 physical devices such as 
motors, sirens, other relays, servo motors & two-stepper motors. 


FEATURES: 

@ 8 Digital Outputs: Open collector, 500mA, 33V max. 

@ 16 Digital Inputs: 20V max. Protection 1K in series, 5-1V Zener to 
ground. 

@ 11 Analogue Inputs: 0-5V, 10 bit (5mV/step.) 

@ 1 Analogue Output: 0-2-5V or 0-10V. 8 bit (20mV/step.) 

All components provided including a plastic case (140mm x 110mm x 

35mm) with pre-punched and silk screened front/rear panels to give a 

professional and attractive finish (see photo) with screen printed front 

& rear panels supplied. Software utilities & programming examples 

supplied. 


3093KT PC Data Acquisition & Control Unit £99.95 


AS3093 Assembled 3093 £124.95 


See opposite page for ordering 
information on these kits 
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ABC Mini ‘Hotchip’ Board 


Currently learning about 

microcontrollers? Need to do 

something more than flash a LED 

or sound a buzzer? The ABC Mini 

‘Hotchip’ Board is based on Atmel’s 

AVR 8535 RISC technology and 

will interest both the beginner and 

expert alike. Beginners will find that 

they can write and test a simple 

, program, using the BASIC 

Me programming language, within an 

hour or two of connecting it up. 

Experts will like the power and flexibility of the ATMEL microcontroller, 

as well as the ease with which the little Hot Chip board can be 

“designed-in” to a project. The ABC Mini Board ‘Starter Pack’ includes 

just about everything you need to get up and experimenting right 

away. On the hardware side, there’s a pre-assembled micro controller 

PC board with both parallel and serial cables for connection to your 

PC. Windows software included on CD-ROM features an Assembler, 

BASIC compiler and in-system programmer The pre-assembled 
boards only are also available separately. 


ABCMINISP ABC MINI Starter Pack 


ABCMINIB ABC MINI Board Only 


Advanced 32-bit Schematic Capture 
and Simulation Visual Design Studio 


* VisualSpice 
[fie see zoom raion ce Jace unto #4 OB MRMPG| 


(- jo] x! 
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Advanced Schematic Capture & Simulation Software 
aa Advanced Hierarchal Schematic Capture, includes Graphical 
Library Browser and Device Searcher, Device Library Editor, 
Spice and PCB Netlist Generation, Over 7000 device models, 
Model Import Wizard allows you to download and import models 
from device manufacturers web page 


* Advanced 32-bit Analogue, Digital, & Mixed Mode Simulation 

* Virtual Instruments: Ohm/Voltage/Current/Power Multi-meter 
shows complex VoRage, Current, Phase, Magnitude etc. 

* Built in 64-Channel Real-Time Virtual Oscilloscope 

* Built in Digital Logic Analyzer allows you to set breakpoints 

* Supports Advanced BSIM3v3, BSIM4, and SOI Models 

* 21 Different analysis types including advanced Monte Cario/WC 


| VisualSpice Software Purchasing Options 
Personal Edition £74.95 Standard Edition £124.95 
Professional Edition £174.95 


I I 


Serial Port Isolated I/O Controller 


Kit provides eight relay outputs 
capable of switching 4 amps at mains 
voltages and four optically isolated 
digital inputs. Can be used ina variety| ik 
of control and sensing applications a 
including load switching, external 

switch input sensing, contact closure 

and external voltage sensing. 

Programmed via a computer serial port, it is compatible with ANY 
computer & operating system. After programming, PC can be 
disconnected. Serial cable can be up to 35m long, allowing 
‘remote’ control. User can easily write batch file programs to 
control the kit using simple text commands. NO special software 
required — uses any terminal emulator program (built into 
Windows). All components provided including a plastic case with 
pre-punched and silk screened front/rear panels to give a 
professional and attractive finish (see photo). 


3108KT 
AS3108 


Serial Port Isolated I/O Controller Kit 
Assembled Serial Port Isolated I/O Controller 


é 
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SPECIAL OFFERS 


TEKTRONIX 2445A 
4-ch 150MHz delay,, 
cursors etc. Supplied 

with 2 Tektronix probes. 


trans 6-0-8 


TEKTRONIX 2232 Digital Storage Scope. 

Dual Trace, 100MHz, 100M/S with probes . 

H.P. 54501A Dig. Oscilloscope, 100MHz 4-Ch .. . 
H.P. 3312A Function Gen., 0-1Hz-13MHz, 

AM/FM Sweep/Tri/Gate/Brst etc. £31 
FARNELL Dual PSU XA35-2T, 0-35V, 0-2A, 
Twice QMD, I.c.d. Display £180 
CIRRUS CRL254 Sound Level Meter 

with Calibrator 80-120dB, LEQ 

FARNELL AMM255 Automatic Mo 

Meter, 1-S5MHz-2GHz, unused 

FARNELL DSG1 Low Frequency Syn Sig. Gen., 
0-001Hz-99-99kHz, low distortion, 
TTL/Square/Pulse Outputs etc. . £95 
FLUKE 8060A Handheld True RMS, DMM, 

4% digit As new £150, used £95 
BECKMAN HD110 Handheld 3% digit DMM, 28 
ranges, with battery, leads and carrying case .£40 


H.P. 3310A Function Gen., 
Sine/Sq/Tri/Ramp/Pulse 
FARNELL LFM4 Sine/Sq Oscillator, 10Hz- iM, 
low distortion, TTL output, Amplitude Meter .£125 
H.P. 545A Logic Probe with 546A Logic 

Pulser and 547A Current Tracer - £90 
FLUKE 77 Multimeter, 3'2-digit, handhel 

FLUKE 77 Series 11 

HEME 1000 L.C.D. Clamp Meter, 00-1000A, 

in carrying case 


0-005Hz-! erg 


BLACK STAR ORION PAL/TV Colour Pattern 
Generator from £75-£125 


THURLBY THANDAR P: 
0A-2A Twice (late colours) 


MARCONI 2019A 


AM/FM SYNTHESISED SIGNAL 
GENERATOR 
80 kHz - 1040MHz 

NOW ONLY 


MARCONI 893C AF Power Meter, Sinad Measurement 
Unused £100, Used £60 

MARCONI 893B, No Sinad .. . 

MARCONI 2610 True RMS Voltmeter, Autranging, | 

5Hz-25MHz 

GOULD J3B Sine/Sq Osc., 10Hz-100kHz, 

low distortion 

AVO 8 Mk. 6 in Every Ready case, with leads etc. 

Other AVOs from 

GOODWILL GVT427 Dual Ch AC Millvoltmeter, 

10mV-300V in 12 ranges, Freq. 10Hz-1MHz . .£100-£125 

SOLARTRON 7150 DMM 6%2-digit 

Tru RMS-IEEE ee 

SOLARTRON 7150 Plus... 


HIGH QUALITY RACAL COUNTERS 
9904 Universal Timer Counter, 50MHz . 
9916 Counter, 10Hz-520MHz 
9918 Counter, 10Hz-560MHz, 9-digit ned 
WAYNE KERR B424 Component Bridge .. . - 
RACAL/AIM 9343M LCR Databridge. 
Digital Automeasurement of R, C,L,Q,D ... 
HUNTRON TRACKER Model 1000 . 
FLUKE 8050A 4-5 Digit. 2A. True RM: 
FLUKE 8010A 3-5 Digit. 10A ... 
FLUKE 8012A 3-5 Digit.2A .... 


Datron 1061 

High Quality 5-5 Digit Bench 

Multimeter 

True RMS/4 wire Res/Current Converter/IEEE 


Racal 9008 ONLY &> 


Automatic Modulation Meter, 
Portable Appliance Tester 
Megger Pat 2 


Datron 1061A &> 


High Quality 6% digit Bench 
True RMS/4 wire/Current Converter 


Multimeter 

Racal Receiver RA1772 
50kHz-30MHz 

L.E.D. Display. Basically working. 


AM/FM 1-5MHz-2GHz 

H.P. 6012B DC PSU 0-60V, 0-50A, 1000W .£1000 
FARNELL AP60/50 1KW Autoranging . -£1000 
FARNELL H60/50 0-60V 0-50A .. . £750 
FARNELL H60/25 0-60V, 0-25A . . . £400 
Power Supply HPS3010, 0-30V, 0-10A .... .£140 
FARNELL L30-2 0-30V, 0-2A .. .. £80 
FARNELL L30-1 0-30V, 0-1A 

Many other Power Supplies available 


STEWART of READING 


FARNELL DTV12-14 OSCILLOSCOPE. 
Dual trace, 12MHz TV, coupling .ONLY 


FARNELL LF1 SINE/SQ OSCILLATOR. 
10Hz-1MHz. ONLY 


OSCILLOSCOPES 

TEKTRONIX TDS350 dual trace, 200MHz, 1G/S . Unused £1500 
TEKTRONIX TDS320 dual trace, 100MHz, 500M/S_ . £1200 
TEKTRONIX TDS310 dual trace, 50MHz, 200M/S £950 
LECROY 9400A dual trace, 175MHz, 5G/S .... £750 
HITACHI VC6523, ditrace, 20MHz, 20M/S, delay etc. Unused £500 
PHILIPS PM3092 2+2-ch., 200MHz, delay etc., £800 as new £950 
PHILIPS PM3082 2+2-ch., 100MHz, delay etc., £700 as new £800 
TEKTRONIX TAS465 dual trace, 100MHz, delay etc. . £750 
TEKTRONIX 2465B 4-ch., 400MHz, delay cursors etc £1500 
TEKTRONIX 2465 4-ch., 300MHz, delay cursors etc. . £900 
TEKTRONIX 468 Dig. Storage, dual trace, 100MHz, delay .. .£450 
TEKTRONIX 466 Analogue Storage, dual trace, 100MHz ... | 
TEKTRONIX 485 dual trace, 350MHz, delay sweep 
TEKTRONIX 475 dual trace, 200MHz, delay sweep 
TEKTRONIX 465B dual trace, 100MHz, delay sweep . 
TEKTRONIX 2215 dual trace, 60MHz, delay sweep 
PHILIPS PM3217 dual trace, S0MHz delay .. . 
GOULD 0S1100 dual trace, 30MHz delay 
HAMEG HM303.6 dual trace, 35MHz component tester 

asnew ....... é 
HAMEG HM303 dual ‘race, 30MHz component tester P 
Many other Oscilloscopes available 


MARCONI 2022E Synth AM/FM Sig Gen 

10kHz-1-01GHz l.c.d. display etc ............,. £525-£750 
H.P. 8657A Synth sig gen, 100KHz-1040MHz .......... £2000 
H.P. 8656B Synth sig gen, 100kHz-990MHz ..... 
H.P. 8656A Synth sig gen, 100kHz-990MHz 
R&S APN62 Synth, 1Hz-260kH sig. gen., 
balanced/unbalanced output, |.c.d. display 
PHILIPS PM5328 sig gen, 100kHz-180MHz with 

200MHz, freq. counter, IEEE . é 
RACAL 9081 Synth AM/FM sig g ‘en, ‘5kHz-1024MHz 
H.P. 3325A Synth function gen, 21MHz . 
MARCONI 6500 Amplitude Analyser . . 
H.P. 4192A Impedance Analyser .... . 
H.P. 4275A LCR Meter, 10kHz-10MHz 
H.P. 8903A Distortion Analyser ...... 
WAYNE KERR 3245 Inductance Analyser 
H.P. 8112A Pulse Generator, SOMHz . . 
MARCONI 2440 Frequency Counter, 20GHZ « eleGie 
H.P. 5350B Frequency Counter, 20GHz...............4 
H.P. 5342A 10Hz-18GHz Frequency Counter 
H.P. 1650B Logic Analyser, 80-channel......... 
MARCONI 2035 Mod Meter, 500kKHz-2GHz . 


RADIO COMMUNICATIONS TEST SETS 
MARCONI 2955/2995A .... . 

ROHDE & SCHWARZ CMT 0: 

SCHLUMBERGER 4040................. 


ST IN 


H.P. 6063B DC Electronic Load, 3-240V/0-10A, 250W ..... POA 
H.P. 66312A PSU, 0-20V/0-2A wae £400 
H.P. 66311B PSU, 0-15V/0-3A a £400 
H.P. 66309D PSU Dual, 0-15, 0- 3A0- 42, 0-4 5A. £750 
H.P. 6632B PSU, 0-20V/0-5A . on - £500 
H.P. 6623A PSU, triple output ranging from 0- WV 0+ 5A to 

0-20V 0-4A......... hs - £850 
H.PJAGILENT 34401A DMM 6% dat. “ x "2400/8450 
H.P. 3478A DMM 5% digit. . tid £275 
FLUKE 45 DMM dual display . wauciaion wade’ - £400 
KEITHLEY 2010 DMM 7% digit............... - £950 
KEITHLEY 617 Programmable Electrometer sh £1250 
H.P. 4338B Milliohmmeter............ tee - £1500 
RACAL Counter type 1999 2.6GHz. a £500 
H.P. Counter type 53131A 3GHz. . £850 
H.PJAGILENT 33120A Func. Gen/ARB, 400uH2- 45MH 

: - £900/21000 

SONY/TEKTRONIX ‘AFG320 Atbitary Func. Gen ........ £1250 
H.P. 8904A Syn. Function Gen, DC-600kHz.. . ~£1000/81250 
BLACK STAR JUPITOR 2010 Func. Gen, 0: 2Hz-2MHz with 

frequency counter . : £140 
H.P. 8116A Pulse Generator, ‘tmH-50MHZ - £1950 
H.P, 8657B Syn Sig. Gen, 0-1-2080MHz........ - £2500 
CO-AXIAL SWITCH, 1-5GHz....... é wee £40 
IEEE CABLES................ vec s lO: 


SPECTRUM ANALYSERS 


HP, 8561B 50Hz-6-5GHz ... . : wees £5000 
H.P, 8560A 50Hz-2-9GHz synthesised ... we eee £5000 
HP, 8594E 9kHz-2:9GHz : wees £4500 
H.P. 8591E 1MHz-1-8GHz, 75 Ohm 2 wee es £2750 
HP. 853A with 8559A 100kHz-21GHz . wees. £1750 
HP, 8558B with Main Frame, 100kHz-1500MHz - £750 
HP. 3585A 20Hz-40MHz .... 

H.P. 3580A 5Hz-50kHz...... . 

ADVANTEST R4131B 10kHz-3:5GHz . 

EATON/AILTECH 757 0-001-22GHz .... 

MARCONI 2382 100Hz-400MHz, high resolution 

MARCONI 2370 30H2-110MHz ...... 

HP. 182 with 8557 10kHz-350MHz . . . 

H.P. 141T SYSTEMS: 

8553 1kHz-110MHz 

8554 500kH2-1250MHz 

8555 10MHz-18GHz . 

H.P. 8443 Tracking Gen/Counter, 110MHz ... . 

H.P, 8444 OPT 059 ......... 

B&K 2033R Signal Analyser 

H.P. 8754A Network Analyser, 4MHz- 1300MHz. Bee 

H.P. 3557A Network Analyser, 5Hz-200MHz ........ 

H.P. 53310A Mod Domain Analyser Opt 001/003 

ONO SOKKI CF300 Portable FFT Analyser ...... 

H.P. 8720C Microwave Network Analyser, S0MHz-< 20GHz £12, 500 


110 WYKEHAM ROAD, READING, BERKS. RG6 1PL 
Telephone: (0118) 9268041. Fax: (0118) 9351696 
www.stewart-of-reading.co.uk 
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) 


FRUSTRATED! 


Looking for ICs TRANSISTORS? 
A phone call to us could get a result. We 
offer an extensive range and with a world- 
wide database at our fingertips, we are 
able to source even more. We specialise in 
devices with the following prefix (to name 
but a few). 


2N 2SA 2SB 2SC 2SD 2P 2SJ 2SK 3N 3SK 4N 6N 17 40 AD ADC AN AM AY BA 
BC BD BDT BDV BDW BDxX BF BFR BFS BFT BFX BFY BLY BLX BS BR 
BRX BRY BS BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV 
BUW BUX BUY BUZ CA CD CX CXA DAC DG DM DS DTA DTC GL GM HA 
HCF HD HEF ICL ICM IRF J KA KIA L LA LB LC LD LF LM M MSM MA 
MAB MAX MB MC MDAJ MJE MJF MM MN MPS MPSA MPSH MPSU MRF 
NJM NE OM OP PA PAL PIC PN RC S SAA SAB SAD SAJ SAS SDA SG SI SL 
SN SO STA STK STR STRD STRM STRS SV1 T TA TAA TAG TBA TC TCA 
TDA TDB TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA UAA UC UDN 
ULN UM UPA UPC UPD VN X XR Z ZN ZTX + many others 


TOUR FREE CD-ROM 
1) STOCK LIST 
Range of Com 


EASE ASK FOR 
me (in Exce 


onents 
We Stock a Massive p 


Mail, phone, Fax Credit Card orders and callers welcome 
fe: weaneritea8) 


Cricklewood Electronics Ltd 


40-42 Cricklewood Broadway London NW2 3ET 
Tel: 020 8452 0161 Fax: 020 8208 1441 


310 


[a 
VISA 


Used Equipment —- GUARANTEED. Manuals supplied 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. 
Please check availability before ordering. 

CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage 


MODEL & CRAFT TOOLS 


A COMPREHENSIVE RANGE OF MINIATURE HAND AND 
POWER TOOLS AND AN EXTENSIVE RANGE OF 


ELECTRONIC COMPONENTS 
FEATURED IN A FULLY ILLUSTRATED 


624 PAGE MAIL ORDER CATALOGUE 


2003 ISSUE 


SAME DAY DESPATCH 
FREE POST AND PACKAGING 


Catalogues: FREE OF CHARGE to addresses in the UK. 
Overseas: CATALOGUE FREE, postage at cost charged 
to credit card 


SHOP EXTENSION NOW OPEN 


Squires, 100 London Road, 
Bognor Regis, West Sussex, PO21 1DD 


TEL: 01243 842424 
SUROCARD. ———7 
= 


FAX: 01243 842525 VISA 
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GENT. 


ELECTRONICS 


Tel 01283 565435 Fax 546932 
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EPE PROJECT PICS 


Programmed PICs for *EPE Projects 
12C508/9 — £3.90; 16F627/8 — £4.90 
16C84/16F84/16C71 — £5.90 
16F 876/877 — £10.00 
All inc. VAT and Postage 


(‘Some projects are copyright) 


EPE MICROCONTROLLER 


P.I. TREASURE HUNTER 
The latest MAGENTA DESIGN -— highly 
stable & sensitive — with I.C. control of all 
timing functions and advanced pulse 
separation techniques. 

@ High stability 

drift cancelling 
e Easy to build 

& use 
e@ No ground 

effect, works 

in seawater 


@ Detects gold, 


silver, ferrous & 
non-ferrous 
metals 
@ Efficient quartz controlled 
microcontroller pulse generation. 
@ Full kit with headphones & all 
hardware 


KIT 847 


DEVELOPMENT 


68000 


TRAINING KIT 


e@ NEW PCB DESIGN 

© 8MHz 68000 16-BIT BUS 

@ MANUAL AND SOFTWARE 

@ 2 SERIAL PORTS 

@ PIT AND I/O PORT OPTIONS 
e@ 12C PORT OPTIONS 


KIT 621 
m £99.95 


e ON BOARD 

5V REGULATOR 

e PSU £6.99 

e SERIAL LEAD £3.99 


Stepping Motors 


MD100..Std 100 step..£9.99)|(& 
MD200...200 step...£12.99 ~ 
MD24...Large 200 step...£22.95 


MOSFET MklIl VARIABLE BENCH 
POWER SUPPLY 0-25V 2-5A 


Based on our Mk1 design and 
preserving all the features, but 
now with — switchin pre- 
regulator for much higher effi- 
ciency. Panel meters indicate 
Volts and Amps. Fully variable 
down to zero. Toroidal mains 
transformer. Kit — includes 
punched and printed case and 
all parts. As featured in April 
1994 EPE. An essential piece 
of equipment. 
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PIC PIPE DESCALER 


e@ SIMPLE TO BUILD @ SWEPT 

@ HIGH POWER OUTPUT —FREQUENCY 
e@ AUDIO & VISUAL MONITORING 
An affordable circuit which sweeps 
the incoming water supply with 
variable frequency electromagnetic 
signals. May reduce scale formation, 
dissolve existing scale and improve 
lathering ability by altering the way 
salts in the water behave. 

Kit includes case, P.C.B., coupling 
coil and all components. 

High coil current ensures maximum 


effect. L.E.D. monitor. 
KIT 868 ....... £22.95 POWER UNIT......£3.99 


MICRO PEsT 
SCARER 


Our latest design — The ultimate 
scarer for the garden. Uses 
special microchip to give random 
delay and pulse time. Easy to 
build reliable circuit. Keeps pets/ 
pests away from newly sown areas, 
play areas, etc. uses power source 
from 9 to 24 volts. 

e RANDOM PULSES 

e HIGH POWER 

e DUAL OPTION 


Plug-in power supply £4.99 


KIT 867... 0.2 cee £19.99 
KIT + SLAVE UNIT... 2.2.0... cee ee eee £32.50 
WINDICATOR 


A novel wind speed indicator with LED readout. Kit comes 
complete with sensor cups, and weatherproof sensing head. 
Mains power unit £5.99 extra. 


KUT BSG ices siciecnt cine asia wvatecwtwnnte Ace ace £28.00 


*% TENS UNIT * 


DUAL OUTPUT TENS UNIT 
As featured in March ’97 issue. 


Magenta have prepared a FULL KIT for this. 
excellent new project. All components, PCB, 
hardware and electrodes are included. 
Designed for simple assembly and testing and 
providing high level dual output drive. 


KIT 866. . Full kit including four electrodes £32.90 


4 spare 


electrodes 
£6.50 


EPE 
TEACH-IN 
2000 


Full set of to 


quality NEW 
components 


or this educa- 


tional series. All parts as 
specified by EPE. Kit includes 
breadboard, wire, croc clips, 
pins and all components for 
experiments, 


é : as listed in 
introduction to Part 1. 
*Batteries and tools not included. 


TEACH-IN 2000 - 
KIT 879 £44.95 
MULTIMETER £14.45 


SPACEWRITER 


An innovative and exciting project. 

Wave the wand through the air and 

your message appears. Programmable 

to hold any message up to 16 digits long. 
Comes pre-loaded with “MERRY XMAS". Kit 
includes PCB, all components & tube plus 
instructions for message loading. 


KIT 849 


12V EPROM ERASER 


A safe low cost eraser for up to 4 EPROMS at a 
time in less than 20 minutes. Operates from a 
12V supply (400mA). Used extensively for mobile 
work - updating equipment in the field etc. Also in 
educational situations where mains supplies are 
not allowed. Safety interlock prevents contact 
with UV. 


KIT 790............ £29.90 


1000V & 500V INSULATION 
TESTER 


Superb new design. Regulated 
output, efficient circuit. Dual-scale 
meter, compact case. Reads up to 
200 Megohms. 

Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components. 


SUPER BAT 
DETECTOR 


1 WATT O/P, BUILT IN 
SPEAKER, COMPACT CASE 
20kHz-140kHz 
NEW DESIGN WITH 40kHz MIC. 


A new circuit using a 


‘full-bridge’ audio 

amplifier i.c., internal 

speaker, and 

headphone/tape socket. 

The latest sensitive 

transducer, and ‘double 
balanced mixer give a 

stable, high perfor- 

mance superheterodyne design. 


KIT 861 


ALSO AVAILABLE Built & Tested. . . £39.99 


Keep pets/pests away from newly 
sown areas, fruit, vegetable and 
flower beds, children’s play areas, 
patios etc. This project produces 
intense pulses of ultrasound which 
deter visiting animals. 


e KIT INCLUDES ALL 
COMPONENTS, PCB & CASE 
e EFFICIENT 100V 


ULTRASONIC PEsT SCARER 


e UP TO 4 METRES 
R 


Includes PIC16F84 chip 
disk, lead, plug, p.c.b., 
all components and 


SIMPLE PIC 
— PROGRAMMER 
ER KIT 857... £12.99 


COMPLETELY | NAUDIBLE LOW GURRENT cher 

e e i 

= TenUM Ns BRAIN gid rs 
Kit No. 845 ........ £64.95:° | KIT 812. ec cwcisis weaaweiceee gaeene cies £15.00 PPly **- 
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MAGENTA BRAINIBOT I & Il 


e@ Full kit with ALL hardware 
and electronics 
As featured in EPE Feb ’03 — 
KIT 910 
Seeks light, beeps, avoids 
obstacles 


Spins and reverses when 
‘cornered’ 

Uses 8-pin PIC 

ALSO KIT 911 — As 910 
PLUS programmable from PC 
serial port — leads and soft- 
ware CD provided 


KIT 910 £16.99 KIT 911 £24.99 


PIC 16-84 MAINS POWER 4-CHANNEL 
CONTROLLER & LIGHT CHASER 


@ ZERO VOLT SWITCHING HARD-FIRED TRIACS 
WITH SOURCE CODE 
SPEED & DIMMING POT. 
EASILY PROGRAMMED 


e@ OPTO ISOLATED 5 Amp 
@ 12 KEYPAD CONTROL 


Kit 855 £39.95 


PIC 16F84 LCD DISPLAY DRIVER 


Kit 860 £19.99 


Power Supply £3.99 


FULL PROGRAM SOURCE CODE 
SUPPLIED — DEVELOP. 
YOUR OWN APPLICATION! 


Another super PIC project from Magenta. Supplied with PCB, industry standard 2-LINE x 
16-character display, data, all components, and software to include in your own programs. 
Ideal development base for meters, terminals, calculators, counters, timers — Just waiting 
for your application! 


8-CHANNEL DATA LOGGER 


As featured in Aug./Sept. ’99 EPE. Full kit with Magenta 
aaron len PCB — LCD fits directly on board. Use as Data 
ogger or as a test bed for many other 16F877 projects. Kit 
ie udes programmed chip, 8 EEPROMs, PCB, case and all components. 


KIT 877 £49.95 inc. 8 x 256K EEPROMS 


ICEBREAKER 
bpooooooo000 


INCLUDES 1-PIC16F84 WITH DEMO 
PROGRAM SOFTWARE DISK, PCB, 
INSTRUCTIONS AND 16-CHARAC- 
TER 2-LINE 

LCD DISPLAY 


PIC Real Time 
In-Circuit Emulator 


@ Icebreaker uses PIC16F877 in circuit debugger 

@ Links to Standard PC Serial Port (lead supplied) 

@ Windows™ (95+) Software included 

@ Works with MPASM and MPLAB Microchip software 

@ 16x 2L.C.D., Breadboard, Relay, I/O devices and patch leads supplied 

As featured in March ’00 EPE. Ideal for beginners AND advanced users. 

Programs can be written, assembled, downloaded into the microcontroller and run at full 
speed (up to 20MHz), or one step at a time. 

Full emulation means that all I/O ports respond exactly and immediately, reading and 
driving external hardware. 

Features include: Reset; Halt on external pulse; Set Breakpoint; Examine and Change 
registers, EEPROM and program memory; Load program, Single Step with display of 
Status, W register, Program counter, and user selected ‘Watch Window’ registers. 


KIT 900 .. . £34.99 


POWER SUPPLY £3.99 STEPPING MOTOR 100 STEP £9.99 


Fax: 01283 546932 


Tel: 01283 565435 
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EPE PIC TOOLKIT 3 


@ THE LATEST TOOLKIT BOARD — 8, 18, 28 AND 40-PIN CHIPS 
@ MAGENTA DESIGNED P.C.B. WITH COMPONENT LAYOUT AND EXTRAS 
e L.C.D., BREADBOARD AND PIC CHIP INCLUDED 

@ ALL TOP QUALITY COMPONENTS AND SOFTWARE SUPPLIED 


KIT 880 .. . £34.99 with 16F84 ... £39.99 with 16F877 


PIC TOOLKIT V2 


e@ SUPER UPGRADE FROM V1 e 18, 28 AND 40-PIN CHIPS 
e READ, WRITE, ASSEMBLE & DISASSEMBLE PICS 
e@ SIMPLE POWER SUPPLY OPTIONS 5V-20V 
e@ ALL SWITCHING UNDER SOFTWARE CONTROL 
e@ MAGENTA DESIGNED PCB HAS TERMINAL PINS AND 
OSCILLATOR CONNECTIONS FOR ALL CHIPS 
e@ INCLUDES SOFTWARE AND PIC CHIP 
£29.99 with 16F877 


KIT 878 .. . £22.99 with 16F84... 


EPE PIC Tutorial 


t last! eal, Practical, Hands-On Serie 
e Learn Programming from scratch using PIC1 Fe 


e Start by lighting l.e.d.s and do 30 tutorials to 
Sound Generation, Data Display, and a Security 
System. 

e PIC TUTOR Board with Switches, l.e.d.s, and on 
board programmer 


PIC TUTOR BOARD KIT 
Includes: PIC16F84 Chip, TOP Quality PCB printed with 
Component Layout and all components* (*not ZIF Socket or 
Displays). Included with the Magenta Kit is a disk with Test 
and Demonstration routines. 

£42.95 


KIT 870 .... £27.95, Built & Tested .... 
Optional: Power Supply — £3.99, ZIF Socket — £9.99 
LCD Display £7.99 LED Display 

Reprints Mar/Apr/May 98 — £3.00 set 3 


SUPER PIC PROGRAMMER 


e READS, PROGRAMS, AND VERIFIES 
e@ WINDOWS® SOFTWARE 
e@ PIC16C AND 16F — 6X, 7X, AND 8X 
e USES ANY PC PARALLEL PORT 
e USES STANDARD MICROCHIP _@ HEX FILES 
@ OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 
e PCB, LEAD, ALL COMPONENTS, TURNED-PIN 
£29.99 


SOCKETS FOR 18, 28, AND 40 PIN ICs 
e SEND FOR DETAILED | Kit 862 

Power Supply £3.99 
DISASSEMBLER 
£11.75 


INFORMATION — A 
SOFTWARE 


SUPERB PRODUCT AT 
AN UNBEATABLE LOW 

PIC STEPPING MOTOR DRIVER 
Kit 863 £18.99 


PRICE. 

FULL SOURCE CODE SUPPLIED 
ALSO USE FOR DRIVING OTHER 
POWER DEVICES e.g. SOLENOIDS 


INCLUDES PCB, 
PIC16F84 WITH 
DEMO PROGRAM, 
SOFTWARE DISC, 
INSTRUCTIONS 
AND MOTOR. 


Another Magenta PIC project. Drives any 4-phase unipolar motor — up to 
24V and 1A. Kit includes all components and 48 step motor. Chip is 
pre-programmed with demo software, then write your own, and re-program 
the same chip! Circuit accepts inputs from switches etc and drives motor in 
response. Also runs standard demo sequence from memory. 


All prices include VAT. Add £3.00 p&p. Next day £6.99 


E-mail: sales @ magenta2000.co.uk 
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Editorial Offices 
EVERYDAY PRACTICAL ELECTRONICS EDITORIAL 
WIMBORNE PUBLISHING LTD., 408 WIMBORNE ROAD EAST, 
FERNDOWN, DORSET BH22 9ND 
Phone: (01202) 873872. Fax: (01202) 874562. 
eee all wlio wimborne.co.uk 

Site: www.epemag.wimborne.co.uk 
PRE Online 
EPE Online Shop: www.epemag.wimborne.co.uk/shopdoor.htm 
See notes on Readers’ Technical Enquiries below — we regret 


downloadable version of EPE): www.epemag.com 
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Advertisement Offi 

EVERYDAY PRACTICAL ELECTRONICS ADVERTISEMENTS 
MILL LODGE, MILL LANE, 

THORPE-LE-SOKEN, ESSEX CO16 OED 

Phone/Fax: (01255) 861161 Email: epeads @ aol.com 


VOL. 32 No.5 MAY 2003 
TIME OUT 


Electronics can do all manner of things, quite often some it should not. During a recent 
overnight stay in a Travel Inn I experienced an unusual fault with the electronics. The TV 
set in the room had a built-in l.e.d. digital clock with an alarm facility. I set the alarm for 
7.30a.m. and went to bed. As is often the case when sleeping in hotels, I woke up during the 
night at 4.45a.m. as shown by the clock. On waking again, later, I noted the clock still said 
4.45, since it was getting light outside I checked my watch to discover it was actually 6.30. 
Oh well, the clock had somehow “frozen” at 4.45. However, I was surprised when the alarm 
sounded at 7.30, even though the display still said 4.45 and, to add to my amazement, when 
I cancelled the alarm the display returned to the correct time. 

Now maybe I’m not being too bright — I certainly was not at 4.45a.m. — but then many 
readers will have experienced unusual phenomena when working with various circuits. 


Cost Engineering 
I remember many years ago when working in the RGD/KB development labs in Kent that 
one engineer was employed to cut the cost of various TV designs before they went into 
production. I was fascinated to see how many components he could strip out of a new TV 
circuit design and still get the set to work. Of course, some of the mods resulted in a degra- 
dation in performance that was unacceptable, but many seemed to make no difference. 
The company also spent a great deal of time testing all sorts of components to see which 
ones would be the most cost effective in their products. For instance, would it be worth pay- 
ing for a more expensive potentiometer if a cheaper one would last for a few years — say 
10,000 operations — without getting “noisy” or breaking down. Remote control had not 
made much impact in those days so the on/off volume control would be used quite a bit. 
Cheaper pots would obviously suffice for lesser used controls like brightness and contrast. 
With the massive increase in component reliability and reduction in cost over the years, I 
guess this type of cost saving engineering is not quite so important today. After all, it costs 
the same to make a chip containing 10,000 components as it does one with only 1,000 
components, once the initial design has been finalised. 


AVAILABILITY SUBSCRIPTIONS 


Copies of EPE are available on subscription anywhere 
in the world (see opposite), from all UK newsagents 
(distributed by COMAG) and from the following 
electronic component retailers: Omni Electronics and 
Yebo Electronics (S. Africa). EPE can also be pur- 
chased from retail magazine outlets around the world. 
An Internet on-line version can be purchased and 
downloaded for just $10.99US (approx £7) per year 
available from www.epemag.com 
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Subscriptions for delivery direct to any address in the 
UK: 6 months £15.50, 12 months £29.50, two years 
£54; Overseas: 6 months £18.50 standard air service or 
£27.50 express airmail, 12 months £35.50 standard air 
service or £53 express airmail, 24 months £66 standard 
air service or £101 express airmail. 

Online subscriptions, for downloading the magazine via 
the Internet, $10.99US (approx £7) for one year avail- 
able from www.epemag.com. 

Cheques or bank drafts (in £ sterling only) payable to 
Ever, yay Practical Electronics and sent to EPE Subs. 
Dept., Wimborne Publishing Ltd. 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. 
Fax: 01202 874562. Email: subs @ epemag.wimborne.co.uk. 
Also via the Web at: http:/Avww.epemag.wimborne.co.uk. 
Subscri sg start with the next available issue. We accept 
MasterCard, Amex, Diners Club, Switch or Visa. (For past 
issues see the Back Issues page.) 


BINDERS 

Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the magazine logo in gold on the 
spine. Price £6.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Australia 
and Papua New Guinea which cost £10.50). Normally 
sent within seven days but please allow 28 days for 
delivery — more for overseas. 


Payment in £ sterling only please. Visa, Amex, Diners 
Club, Switch and MasterCard accepted. Send, fax or 
phone your card number, card expiry date and card 
security code (the last 3 digits on or just under the sig- 
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus- 
tomers - your credit card will be charged by the card 
provider in your local currency at the existing 
exchange rate. 


Editor: MIKE KENWARD 

Deputy Editor: DAVID BARRINGTON 
Technical Editor: JOHN BECKER 
Business Manager: DAVID J. LEAVER 
Subscriptions: MARILYN GOLDBERG 
Administration: FAY KENWARD 
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Advertisement Manager: 
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PETER SHERIDAN, (01202) 873872 
On-Line Editor: ALAN WINSTANLEY 
EPE Online (\nternet version) Editors: 
CLIVE (MAX) MAXFIELD and ALVIN BROWN 


READERS’ TECHNICAL ENQUIRIES 

E-mail: techdept @ epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a_  self- 
addressed envelope and international reply 
coupons. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is 
reliable. We cannot, however, guarantee it and 
we cannot accept legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD 
adaptor. 


COMPONENT SUPPLIES 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable 
that advertisements are bona fide, the maga- 
zine and its Publishers cannot give any under- 
takings in respect of statements or claims 
made by advertisers, whether these advertise- 
ments are printed as part of the magazine, or 
in inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 
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Constructional Project 


SUPER 


MOTION 
SENSOR 


THOMAS SCARBOROUGH 


Responds to minute fluctuations in light 


level Will detect a single finger moving at 


5 metres or a person crossing a path at 


CO metres oistance. 


standard light sensors is that these 

frequently trigger at a specific light 
level, while what happens in real life is 
that ambient light levels fluctuate all the 
time. Therefore a standard light sensor will 
function correctly only in a controlled 
environment, or under highly predictable 
conditions. 

The Super Motion Sensor described 
here, on the other hand, auto-adjusts over 
the range of about 50 lux to 60,000 lux 
(that is, a 40W incandescent light-bulb in a 
10m? room to direct sunlight). It really 
“shines”, dare we say, in the mid-range of 
about 100 lux to 10,000 lux (that is, a mod- 
estly lit room to bright shade). 

It is what is called a “passive” system, in 
that it does not generate the light which it 
detects, nor does it use any additional cir- 
cuitry for this purpose. At the same time, it 
may be used in the same way as both 
“active” and “passive” systems. 


BRIGHT IDEAS 


In daylight, the Super Motion Sensor 
will typically detect a single finger moving 
at a distance of 5 metres — without the use 
of any lenses. It will detect a person cross- 
ing a path at 20 metres’ distance — without 
lenses. 

Under a.c. lighting, it will typically 
detect a person walking in front of an ordi- 
nary light source (e.g. a 60W incandescent 
light-bulb) at 20 metres — also without the 
use of any lenses. Note, however, that in 
this case the sensor is pointed directly at 
the light source, and its range as a “pas- 
sive” system under a.c. lighting will typi- 
cally be only eight metres or so. 

Generally speaking, a single lens will 
double these distances, while the use of 
two lenses, if an “active” system is used, 
will multiply the basic range by six or 
seven. With an inexpensive laser diode, a 


T: most basic problem with regard to 
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range of hundreds of metres may be 
achieved. 

Since the circuit responds to fluctua- 
tions in light level, rather than the crossing 
of a specific light threshold, it is much 
more flexible than a typical active system. 
Also, it is not limited to crossing a light 
threshold in one direction only, e.g. from 
brighter to dimmer, but may be used in sit- 
uations of decreasing and increasing light. 


ENLIGHTENING IDEAS 


The Super Motion Sensor has several 
possible applications and no doubt readers 
will have their own unique ideas, including 
possibly some of the following: 


It may be used as a “light fence” (or bro- 
ken beam alarm). However, in contrast to 
the standard light fence, it requires virtual- 
ly no set-up. It may simply be placed with- 
in the line-of-sight of almost any light 
source, including vague ambient light, and 
switched on. It may also be used where a 
beam is “‘un-broken” — for example, where 
a computer monitor is blocking a beam, 
and the monitor is removed. 

Since it is not limited to the crossing of 
a specific light threshold, it will respond to 
a wide range of variations in light and 
shadow — for instance, a car entering a dri- 
veway, a person moving in a room, or wind 
rustling the leaves of a tree. 

The author’s original interest came from 
a three-wheel vehicle which he drove. This 
vehicle had an open cab, which seemed to 
invite all-comers to climb into it and play 
with the controls. In one case, a young boy 
let off the hand-brake and went careering 
into a tree! How could the vehicle sense, 
from a good distance, whether anyone was 
approaching? 


NATURAL 


ia 


SENSITIVITY 


SUPER MOTION SENSOR 
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With two light sensors mounted in the 
roof framework of the cab, one at each side 
of the vehicle, and “looking” down onto 
the pavement through plastic tubes, these 
detected feet moving over a wide range of 
lighting conditions. The circuit in turn trig- 
gered a spoken message — which, alas, 
seemed to attract yet more curiosity! 

In a similar way, the Motion Sensor may 
be placed in luggage that needs to be pro- 
tected in a public place, with a light sensor 
“looking” upwards over a suitable angle. If 
anyone should reach for the luggage, or 
stoop over it, or move it, an alarm would be 
triggered. Moreover, it would continue to 
trigger as long as the luggage was in 
motion. 

Lastly, it may be used to detect direction 
of movement. If one refers to the author’s 
Big-Ears Buggy project (EPE, Aug. ’02), 
the two front-end preamplifier stages in 
that circuit may be replaced with two Super 
Motion Sensors, with the outputs of the 
“Sensors” being taken, in each case, from 
IC3 pin 6 to resistors R15 and R16 of the 
Big-Ears Buggy. In this case — as an exam- 
ple — a person entering a building would be 
detected, but not a person exiting. 


ASTABLE 
OSCILLATOR 


HOW IT WORKS 


Block diagram Fig.1 is a simplified rep- 
resentation of the circuit, and gives a good 
overview as to how the Super Motion 
Sensor works. 

A light dependent resistor (I.d.r.) is so 
wired in conjunction with the three resis- 
tors shown that, between darkness and full 
sunlight, it offers a potential at point X of 
between roughly one-quarter and three- 
quarters of the supply voltage. This poten- 
tial is presented simultaneously to the 
inputs of two bilateral switches. 

An astable oscillator, together with an 
inverter, switches the two bilateral switch- 
es alternately, typically at a few Hertz, so 
that the two capacitors are alternately 
charged. Since the resistance of the bilater- 
al switches in the “off” state is very high, 
and the input impedances of the op.amp 
comparator very high, the charge on the 
capacitors is “trapped” in the spaces 
between the bilateral switches and the 
comparator. This will ordinarily vary very 
little during switching. These are referred 
to as sample-and-hold circuits. 

So little, in fact, does the charge on the 
two capacitors vary over time that the 
astable oscillator could easily be slowed, 
and the I.d.r. replaced with a thermistor. If 


the values of the capacitors were increased, 
this would further extend the time periods 
involved. A fire alarm system typically 
triggers when it detects a rise of 22°C per 
minute, while the Super Motion Sensor 
will potentially detect a change of just a 
fraction of 1°C. (A terrific Temperature 
Tracker, perhaps?). 

When the charge on the capacitor (the 
potential) at the comparator’s inverting (—) 
input rises higher than that at the non- 
inverting (+) input, or when the potential at 
the non-inverting input falls below that of 
the inverting input, the comparator’s output 
goes “low”, thereby triggering a mono- 
stable timer and a relay. 

As with any detection circuit, there are 
certain physical variations which the cir- 
cuit should detect, and others which it 
should exclude. Perhaps the most impor- 
tant exclusion in this case is natural varia- 
tions in ambient light — such as sunrise, 
sunset, or the shadows cast by clouds. This 
the Motion Sensor achieves by comparing 
variations in light level at a speed that is 
almost too fast for it to detect slower, nat- 
ural variations. Unless the circuit is set 
very sensitively, these are excluded. 


BILATERAL. 
SWITCHES 


MONOSTABLE 


TIMER 
COMPARATOR 


Miniature light dependent resistor 
(l.d.r.), about twice size, clasped 
between thumb and finger. 


While still on the concept of the Super 
Motion Sensor, a difficulty arises when a.c. 
lighting is used, as it does with most light 
sensor circuits. This is because a.c. lighting 
fluctuates at a rate of 50 cycles per second 
(60 in the USA), and while the eye does not 
normally see this, due to persistence of 
vision, the fluctuation or flicker of a.c. light- 
ing can be sufficient to trigger the circuit. The 
more the light flickers (e.g. fluorescent light- 
ing), the greater the difficulty this presents. 


DANGER LEVEL 


A simple solution is given later with the 
circuit shown in Fig.2 — but consider for a 


Everyday Practical Electronics, May 2003 


moment a more sophisticated alternative 
(this was not incorporated in the present 
design, since it would have made it an 
“experienced constructors only” project). 
The following should under no circum- 
stances be tried unless the constructor is 
experienced with circuits that are con- 
nected to the mains. Mains electricity 
can kill you. 

Consider that the two bilateral switches 
receive their timing from the a.c. mains 
rather than the astable oscillator incorpo- 
rated in the circuit. This would cause the 
circuit to switch in sympathy with fluctua- 
tions in a.c. lighting, thus making it virtu- 
ally completely immune to 50Hz flicker 
(60Hz in the USA). Sensitivity under a.c. 
lighting would be significantly increased, 
and the need for any readjustment when 
moving the circuit from natural lighting to 
a.c. would be obviated. 

The author tested this successfully by 
connecting a low voltage pulse derived 
from the a.c. mains supply to the control 
pins of the bilateral switches. In this case, 
the link wire adjacent to pin A (Fig.4) is 
removed from the printed circuit board 
(p.c.b.), and the peak voltage pulse is 
adjusted to just below 12V. 

This last concept opens the possibility of 
a Defective Lighting Detector. If a.c. light- 
ing should waver or become defective, the 
Super Motion Sensor would immediately 
pick this up. The author’s prototype picked 
up several “brownouts” (voltage/lighting 
drops) during testing. 


ANALOGUE vs DIGITAL 


Originally, the author took a digital 
approach, translating light level to binary 
numbers, then making a binary comparison 
over time. This was done by converting the 
resistance of the |.d.r. to frequency, and the 
frequency to binary numbers. If a series of 
binary comparisons showed themselves to 
be unequal, then a motion was detected. 

This approach, however, ran into an un- 
thought-of hitch. In order to obtain two 
binary numbers which were sufficiently 
accurate to compare reliably, at high sensi- 
tivity (thus obtaining an equal result if the 
light level remained constant), a high 
degree of timing accuracy was required. 
While this would not have been too diffi- 
cult to achieve, it would have considerably 
complicated the circuit. 

Another problem presented itself with 
this approach, in that if a relatively con- 
stant light level caused the least significant 
binary digit to switch between a 0 and a 1, 
or to vacillate between the two, this gave 
the illusion of detection having taken 
place. A solution which was tried success- 
fully was to make a series of binary com- 
parisons instead of only one. 

The present analogue approach, besides 
avoiding these difficulties, obviates the 
need for three or four digital i.c.s. or a 
microcontroller at the core of the circuit. 


CIRCUIT DETAILS 


We are now in a position, we might say, 
to “shed more light” on the full Super 
Motion Sensor circuit — see Fig.2. 

One half of a 7556 CMOS timer i.c. 
(ICla) is wired as an astable oscillator, 
and, with the help of IC2c, configured as 
an inverter, this is used to switch bilateral 
switches IC2a and IC2b alternately. This 
circuit configuration is seldom seen, due 
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TRIG 


ICla 


ICM7556 
THR 
GND 


TR2 


BC337 


Fig.2. Complete circuit diagram for the Super Motion Sensor. 


probably to its inability to be more than 
lightly loaded without disturbing the tim- 
ing. However, in this case IC2’s control 
pins have a very high input resistance, and 
this configuration represents an easy 
means of obtaining the required 1:1 mark- 
space ratio which the “orthodox” configu- 
ration does not so simply provide. 

Potential divider network R3 to R6, 
including the l.d.r., provides the required 
potential at point X to charge capacitors C4 
and C5 through the bilateral switches. The 
values of R3, R4 and R6 are chosen so that, 
regardless of the light sensor used, the 
potential at point X stays between 24% and 
78% of supply voltage. This means that a 
wide variety of sensors may be used in 
place of the specified I.d.r., including 
phototransistors, photodiodes, and infra- 
red and ultra-violet devices. 


INTERCHANGE 


Although I.d.1s have slower response 
times than other devices, an l.d.r. was cho- 
sen here because it may easily be inter- 
changed with similar devices of the same 
family. This is not always the case with 
phototransistors and photodiodes, which 
have some awkward relatives. Note that if 
a photodiode is used, the cathode (k) would 
normally be wired to the junction of R3 
and R4. An |.d.r. is completely non-polar. 

Consider now that if the light level 
remains constant over time, there will be a 
similar charge on capacitors C4 and CS. 
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However, if the light level changes over 
time, one of the two capacitors will retain a 
higher or lower charge than the other. This 
triggers op.amp comparator IC3 (that is, it 
goes “low” at its output). 

Strictly speaking, the comparator trig- 
gers only if the voltage at the inverting 
input rises above that at the non-inverting 
input — i.e. if the voltage at the inverting 
input rises, or if the voltage at the non- 
inverting input falls. However, bear in 
mind that every increase in light level is 
followed by an attendant decrease and vice 
versa, so has little consequence in practice. 

The two bilateral switches, IC2a and 
IC2b, are switched between about 3Hz and 
30Hz, depending on the setting of preset 
VRI. Faster switching will mean smaller 
differences in charge between C4 and C5 
(thus lesser sensitivity), but will react more 
readily to faster fluctuations in light level. 
Slower switching will mean the opposite, 
and would make the circuit a little more 
sensitive to natural variations such as mov- 
ing clouds. Preset VRI’s mid-position 
should suit in most cases. 


ROUGH AND READY 


With regard to a.c. lighting, the present 
circuit offers a rough and ready solution 
in the form of smoothing capacitor C3 at 
point X, which smooths out the worst of 
a.c. flicker. A necessary result of this, 
unfortunately, is some loss of sensitivity, 
although it does present a reasonably 


good solution. For particularly bad light- 
ing situations, the value of C3 may be 
increased. 

Op.amp comparator IC3 was chosen 
particularly for its high input impedance, 
which is necessary so that capacitors C4 
and C5 should retain their charge. It was 
also chosen specifically for its provision of 
an offset-null, which is used to balance the 
differential input stage so that the inverting 
input is normally “higher” than the non- 
inverting input. 

Failing this, the potentials at the two 
inputs would be “too close for comfort’, 
and might or might not trigger IC3. A 
method that is frequently used to “balance” 
such circuits is a potential divider at the 
inverting input, but for a number of rea- 
sons, this is less satisfactory. 


SENSE OF AMBIENCE 


Bilateral switch IC2d represents another 
circuit option. As it stands, IC2d has its 
control pin (12) wired to the positive rail, 
so that the corresponding bilateral switch 
will always conduct. 

However, if IC2d pin 12 were taken to a 
potential divider incorporating a second 
l.d.t., as shown in Fig.3, IC2d could be 
used to disable the Motion Sensor as ambi- 
ent light levels either increased or 
decreased. 

As shown, the circuit is disabled with 
increasing light level. If Rl and VR1 were 
swapped around with the I.d.r., the circuit 
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would be disabled with decreasing light 
level. 


EXTREMELY 
SENSITIVE 


The present circuit is one of extreme 
sensitivity, and the first stages especially 
require “quietness” to function properly. 
Therefore, no l.e.d. is used to display the 
switching action of ICla (although this 
might be helpful). Also, no Le.d. is used to 
show the state of the output of IC3. A rela- 
tively small value is chosen for timing 
capacitor C2, and supply decoupling is 
employed throughout (C1, C6, and C10). 

A special problem presents itself, how- 
ever, in the form of relay RLA. This carries 
a relatively heavy current when switched 
by monostable IC1b, and would ordinarily 
upset the circuit and reduce its sensitivity. 

This problem is overcome by “blanking” 
the relay’s action through transistor TRI, 
which disables the trigger input (pin 8) of 
timer IC1b, allowing a short period (a frac- 
tion of a second) for the circuit to settle 


L.D.R. 
(33k @ SS 
10 LUX) 


Fig.3. Circuit addition, using a second 
Ld.r, to achieve daytime/night-time 
switching. 

after relay RLA has disengaged. At the 
same time, l.e.d. D2 is included in this 
blanking, so that it, too, may not upset the 
normal operation of the circuit. 

The blanking action works as follows: 
When the output of IClb goes “high”, 
capacitor C7 is charged, and TR1’s gate is 
held “high”. This means that it conducts, 
and the potential at the junction of TRI 
source and R7 is also high. 

Therefore, with trigger pin 8 being held 
“high”, this is disabled for a moment, 
giving the circuit time to settle after relay 
RLA has disengaged. Capacitor C7 dis- 
charges mainly through resistor R8. 

Current consumption of the circuit is 
less than 10mA on standby, so that battery 
operation (e.g. 8 x AA batteries) is 
feasible. 


CONSTRUCTION 


The Super Motion Sensor is built on a 
printed circuit board (p.c.b.), measuring 
65mm x 95mm. The topside component lay- 
out and full-size underside copper foil master 
are shown in Fig.4. This board is available 
from the EPE PCB Service, code 391. 

Begin construction by soldering in posi- 
tion the three dual-in-line (d.i.l.) sockets 
and the board lead-off solder pins. This 
should be followed by the resistors, capaci- 
tors and the preset potentiometers VR1 and 
VR3. Next, the diodes D1, D3 and the two 
transistors should be inserted on the p.c.b., 
paying particular care to their polarity. 
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Layout of components on the completed circuit board. The relay can be seen top left. 
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Fig.4. Printed circuit board topside component layout and full-size underside 
copper foil master pattern for the Super Motion Sensor. 


Finally, the relay and the three-way termi- 
nal block should be installed on the board. 

Use suitable lengths of connecting wire 
to wire up the off-board components VR2, 
le.d. D2, slide switch S1 and the battery 
clip. The author used a length of 8-way rib- 
bon cable to provide a neat result. 


LIGHT SENSOR 


When an I|.d.r. is in its “naked” state, it 
has a very wide viewing angle, and its 
sensitivity is low. The sensitivity may be 
greatly enhanced by making it “look” 
down the length of a narrow, black tube 
(see Fig.S and photograph). In this way 
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the distances described earlier were 
achieved. 

The tube may be cut from the shaft of a 
felt pen. The leads of the L.d.r. are then 
stuck through a small, firm piece of foam 
rubber (not conductive foam rubber!), sol- 
dered to a suitable length of “twin-flex” 
wire, and pushed into the tube. 

Epoxy glue is used to set the whole in 
place, and a rubber grommet may be added 


COMPONENTS 


Resistors 

R1 22k 

R2, R7, R9 100k (3 off) 

R3 150k 

R4 47k 

R5 min. light 
dependent resistor 
(I.d.r.), 33k @ 10 lux 
(or similar — see text) 

R6 15k 

R8, R10 1M (2 off) 

R11, R12 ~~ 1k5 (2 off) 


R13 4k7 
All 0-25W 5% carbon film, except R5 


Potentiometers 
VR1 200k cermet preset 
VR2 47k rotary carbon, linear 
VR3 100k cermet preset 


Capacitors 
C1, C6, C10 100u radial elect. 16V 
(3 off) 
tu radial elect. 16V 
(2 off) 
C4, C5, C7 100n ceramic disc (3 off) 
C8, C9 470u radial elect. 16V 
(2 off) 


C2, C3 


Semiconductors 

D1 1N4148 signal diode 

D2 5mm ultrabright red 
le.d. 

D3 1N4001 50V 1A diode 

TR1 2N3819 n-channel field 
effect transistor 

TR2 BC337 npn medium 
power transistor 

IC1 7556 CMOS dual timer 

IC2 4066B quad bilateral 
switch (or equivalent) 

IC3 TLO71CN j.f.e.t. op.amp 


Miscellaneous 

S1 2-pole 3-position slide 
switch 

RLA 12V coil, p.c.b. mounting 
relay, Telecom type 
with built-in protection 
diode (see text) 

3-way, p.c.b. mounting, 

terminal block, 5mm 
pitch 


Printed circuit board available from 
the EPE PCB Service, code 391; ABS 
plastic case, size to suit; 8-pin dual-in- 
line (d.i..) socket; 14-pin d.i.l. socket (2 
off); calibrated knob; black plastic tube 
for I.d.r. housing (see text); 8 x AA bat- 
tery holder; battery clip; 8-way ribbon 
cable (optional); “twin-flex” wire; link 


wire; solder pins; solder, etc. 
£15 


excl. batts & case 


Approx. Cost 
Guidance Only 
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to the case for neatness. The sensor is then 
soldered to the p.c.b. as shown in the inter- 
wiring diagram Fig.5. 


CASING-UP 


Once soldering is complete, insert the 
i.c.s in the d.i.l. sockets, observing the cor- 
rect orientation (note: these are orientated 
differently). Note that IC] and IC2 are 
CMOS devices, and require care when 
handling (first discharge your body to 
ground). In the author’s experience, j-f.e.t. 
TRI is also more fragile, and it, too, 
requires some care. 

Mount the Sensitivity control VR2, 
l.e.d. D2 and slide switch S1 on the case 
base; now the top. The constructor might 
also wish to replace presets VR1 and 
VR3 with shafted potentiometers, and 
mount these on the case for easy 
adjustment. The p.c.b. was mounted on 
the lid (bottom) of the case, and a parti- 
tion was slotted into the case to hold the 
batteries. 

While the circuit diagram Fig.2 shows 
a 12V power supply, the circuit may also 
be powered off 9V if desired. Note that 
the relay’s voltage rating will need to 
match the supply voltage. Alternatively, a 
lower voltage rating may be used for the 
relay (e.g. 5V), if the link wire at TR2’s 
collector is replaced with a suitable 
resistor. 

If in doubt, use a one kilohm (1k) preset 
potentiometer here wired as a variable 
resistor, beginning at Ik and turning it back 
until the relay triggers in sync with lL.e.d. 
D2. The preset may then be replaced with 
a fixed resistor. 

Generally speaking, a Telecom relay (for 
which the p.c.b. is designed) will carry 
about 60W across its switching contacts — 
but check specifications first. 

The author used an ultrabright red |.e.d. 
for D2, so that the circuit could be tested at 
a distance. In some cases, the range of the 


SENSITIVITY 


circuit is such that an ordinary l.e.d. may 
not be seen without binoculars! 

A p.c.b.-mounting terminal block is used 
to connect the unit to external circuits (e.g. 
a siren). The provision of “blanking”, as 
described earlier, enables one to run such 
circuits off the Super Motion Sensor’s own 
power supply. 


CALIBRATION 
AND USE 


Commence the setting up of the Sensor 
by turning preset VR1 and potentiometer 
VR2 to their mid positions, and turn preset 
VR3 back (anticlockwise) completely, then 
switch on — selecting natural or a.c. light- 
ing with switch S1. 

The circuit will take a few seconds to 
settle and come to life, as capacitor C8 
charges and IC1b’s reset pin goes “high”. 
L.E.D. When VR2 is suitably adjusted, D2 
should illuminate and the relay click as a 
hand is moved over the I.d.r. 

If l.e.d. D2 illuminates repeatedly, turn 
back VR2 (anticlockwise). If it does not 
illuminate at all, turn it up (clockwise). 

If the circuit does not work as described, 
immediately switch off and disconnect the 
power, and carefully re-check. Ensure that 
there are no solder bridges on the p.c.b., 
that all components are inserted correctly, 
and that all interwiring is correct. 

Once it has been established that the cir- 
cuit is working, presets VR1 and VR3 may 
be further adjusted. The function of VR1 has 
been described above. Preset VR3 adjusts 
the trigger period of monostable IC1b and 
thus the “on” time of the relay between 
about half a second and 30 seconds. 

The Super Motion Sensor will work best 
in situations of good contrast (e.g. shadows 
on a white wall). It would be best to adjust it 
to a little less than its maximum sensitivity. 

What ultimately matters is that it should 
exclude any variations in light level that 
might cause unwanted triggering — e.g. 


* 
SEE TEXT 
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CONNECTOR 
FOR BATTERY PACK 
B1 


Fig.5. Details of the interwiring from the circuit board to off-board components. Note 
that the On/Off slider switch contact line-up may differ to that shown. 
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SENSITIVITY 


SUPER MOTION SENSOR 


Completed Sensor showing front panel Sensitivity control and 


the lighting conditions slide switch. 


birds flying past, leaves fluttering, or cloud 
movements. Even if sensitivity is reduced 
by, say, one-quarter, the circuit remains 
unusually responsive. 


ygones 


With some experimentation, it may be 
set to transition seamlessly from Natural to 
A.C. lighting — but this, unfortunately, will 
not occur at maximum sensitivity for both. 


If maximum sensitivity under natural 
lighting triggers the circuit under a.c., then 
adjust for maximum sensitivity under a.c. 
— and vice versa. 
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May 2003 — Special PIC Supplement 


This special 16-page supplement is available for free download from the EPE 
Online website. 


All you have to do is bounce over to www.epemag.com and click on the “Library” 
link in the main navigation. 


TA L K ANDY EMMERSON 


Tiny Tags Talk Volumes 


Barcodes are set to disappear! Andy Emmerson explains. 


author!) “retail therapy” is an ideal 

means of lifting the spirit but even 
then the pleasure can easily vanish when 
faced with a long checkout queue and a 
barcode scanner that refuses to recog- 
nise product codes. At this stage 
cashiers tend to panic and call for assis- 
tance leaving shoppers to seethe while 
the queue that they haplessly chose is 
log-jammed. 

Barcode scanning may soon be a thing 
of the past, however, if the current plans 
for r.f. tagging keep to schedule. And time 
is at the heart of this story simply because 
time is money to retailers. 

Barcodes take time to scan, simply 
because they have to be passed manually in 
front of a scanning device. The more goods 
you are buying, the longer the process is 
and the slower the transaction. Obvious 
that may be but it’s also highly relevant to 
supermarket customers in a hurry to get 
home at 6pm on a Friday evening. 


TOUCHLESS TECHNIQUE 


A far better solution would be one in 
which each product you have bought 
“told” the till its details without prompting 
or handling. The same applies to luggage 
transiting airports, and commuters board- 
ing buses or trains in the rush hour. For all 
of these a touchless solution would be far 
preferable. 

Commuters are lucky. In several major 
cities season ticket holders now have a 
radio-activated pass that needs only to be 
waved near a sensor (no more shoving 
tickets into slots). The same technique is 
used to protect high-value goods in retail 
stores; try walking out of a clothing store 
with an unpaid-for garment, then stand by 
for action as the alarm goes off. 

All of these systems rely on tuned radio 
circuits embedded in tags or tickets detun- 
ing a low-power radio frequency field. The 
same principle underpins the new RFID 
(radio frequency identification) tags pro- 
posed to replace barcodes on retail goods 
and travellers’ baggage. 

Applying an RFID tag to every product 
out on the shelves is the retailer’s ulti- 
mate dream, a concept endorsed at the 
annual Retail Automation Conference in 
London last autumn. At this stage the 
cost of the tags and the new equipment to 
interrogate them is still prohibitive but 
this is set to plummet as the idea catches 
on. Unified standards need to be drawn 
up too before the practice becomes com- 
monplace or even universal, but the idea 
is to create a single, globally recognised 
numbering scheme similar to the univer- 
sal product code employed on barcodes 
now. There are also data privacy issues to 
be resolved if retailers associate RFID 
tag data with customers’ loyalty card 
details. 


FE: many people (including the 
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One firm that has committed to RFID 
tagging is personal hygiene manufacturer 
Gillette, which has purchased 50 million 
tags for use in the UK and USA. Tesco is 
its first retail partner and will trial tagged 
Gillette products in Cambridge. Other 
early adopters, such as Woolworths in the 
UK and the GAP fashion stores in the 
USA, have already conducted trials and 
seen the merits of the system. Data accura- 
cy is stated as 99-7 per cent, far better than 
previous systems, and the feeling is that 
companies should concentrate on the ben- 
efits rather than the cost. 


FOOD CHAIN 


Even if you do not spot RFID tags 
immediately in your local supermarket, 
that does not mean the idea has failed. 
They will still be used for coding products 
by the crate or tray load further back in the 
food chain, for instance at Marks & 
Spencer. The upmarket retailer recently 
announced the world’s largest rollout of 
RFID tagging, with a scheme to tag 3-5 
million food trays passing through its 
warehouse and distribution system. 

As pallets or cases of goods leave one 
location for another, they will pass readers 
that will pinpoint the progress of each and 
every consignment. As well as helping pin- 
point slow-moving inventory, the system 
will also provide automatic proof-of- 
delivery at each point along the line of 
route, assisting both Marks and their sup- 
pliers. “Stock shrinkage” (theft to the rest 
of us) will be reduced too, as it will be pos- 
sible to spot the exact stage where items go 
missing. The same technique is already in 
use in parts of the automotive industry. 

The savings suppliers make can be 
passed on to consumers and there are other 
end-user benefits too. Greater information 
capture means better stock control; 
wastage will be reduced and shelves 
should never go empty under normal con- 
ditions. It will also be easier to identify, in 
real time, batches of products that need to 
be recalled or replaced for any reason. 


TECHY STUFF 


So much for the benefits, how exactly do 
RFID tags work? Tags can be active (with 
an integrated battery) or else passive (deriv- 
ing energy from the rf. field generated by 


the reader). Active tags have longer range 
and can transmit more information but 
carry a heavy cost penalty. Passive tags are 
much lighter, less expensive and should last 
more or less forever. 

A company in the USA, Allen 
Technology, produces a read-only tag with 
64-bit memory weighing 25 grams. It 
operates on 915MHz, a licence-free band 
for industrial, scientific and medical pur- 
poses in North America (used for cellular 
radio here in Europe). Another US firm, 
Matrics, also uses this band; its products 
have a read range of three metres and the 
product is totally tamperproof. 

In Europe Philips has joined forces with 
Tagsys to develop a low-cost smart label 
system operating at 13-56MHz. These 
tags, which are similar in size to the sticky 
label security tags already used to prevent 
theft, incorporate tiny i.c.s made by 
Philips, used with r.f. equipment made by 
Tagsys, and can be read at a rate of 150 
items per second. 

The actual data that can be contained in 
RFID tags is awesome and far greater than 
the humble barcode can carry. Tags applied 
to some EMI CD albums already state a 
global product identification code that 
embraces their origin and final retail desti- 
nation. This is only the tip of the proverbial 
iceberg and the data has the potential to 
document a complete product history, 
including date and place of manufacture, 
ownership and far more. 


READY FOR TAKE OFF 


There is a general agreement that RFID 
tagging will take off when the cost of the 
tag drops to one per cent of the cost of the 
product it is applied to, and that date is still 
some way off. Semiconductors made of 
organic materials are cited as one way of 
reaching this price break but the jury is still 
out on the feasibility of the manufacturing 
process. It is, nonetheless, a matter of 
when rather than whether, simply because 
the benefits are so attractive. 

A report by analysts AMR Research 
indicates that early adopters have reaped 
cost savings equalling five per cent of sales 
turnover, an advantage not to be sniffed at. 
2005 is the date that the research firm says 
when rf. tagging becomes viable and until 
then we must wait and see. 


Ancient Optical Comms 


Mechanics’ Magazine 7 January 1826 describes an ingenious “Gas-Light 
Night Telegraph” which, despite thoughts to the contrary, was not an April Fool 


project. 


Six gas lanterns were arranged in a triangle and could be illuminated or extin- 
guished rapidly by opening and closing gas taps to the main supply, concealed 
pilot flames doing the actual lighting. Combinations of lamps lit would indicate 
letters of the alphabet, rather as pointing needles did in the electric telegraphs 
of Cooke and Wheatstone that followed soon afterwards — and rendered this 


form of optical communication still-born. 
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ATRAC-TIVE MUSIC SNACKING 


Barry Fox highlights Sony’s system that can rip 30 music CDs onto one. 


so. has announced a major modification of the CD system which lets home 
copiers rip at least 30 music CDs onto a single blank CD, and play the music 


back on a £100 portable stereo. 

Sony’s system, to go on sale in May, uses 
Atrac3Plus, a much improved version of 
the ATRAC compression system which 
Sony developed ten years ago for Mini 
Disc. Now that the patents on CD have run 
out, Sony is free to adapt ATRAC for use 
with CD. Sony has coined the phrase 
“music snacking” because one disc can 
hold enough different music to satisfy 
every taste or mood. 

By analysing the music in 52 separate 
frequency bands before converting it into 
digits, and then tweaking the digits, 
ATRAC records stereo onto a blank CD at 
48Kbps, which is around a third the 
amount of data needed for MP3 and one 
thirtieth the amount used for CD. So one 
blank CD, costing a few pence, can now 
hold 30 hours of music. 


Sony’s new ATRAC CD Walkman will 
start at under £100 and play either the new 
home-recorded 30 hour discs, or conven- 
tional CDs, or MP3 discs. The price 
includes free ATRAC compression soft- 
ware, called Sonic Stage “Simple 
Burner’, that lets a home computer do the 
recording. 

The player comes with rechargeable bat- 
teries which allows up to 150 hours play- 
ing time. This, reminds Sony, is “enough 
to fly to Australia and back three times”’. 

Sound quality will be acceptable for peo- 
ple who are used to listening to MP3. 


Jack Rabbit 

Philips, the company which jointly 
owned the patents on CD, is doing things 
differently. Philips’ new DVD PC burner 


works at four times normal speed to 
record music in MP3 format onto blank 
DVDs —- which hold at least seven times as 
much music as a blank CD. The MP3 
DVDs then play back on a portable DVD 
player called Jack Rabbit, costing around 
£200. 

News of both developments came as a 
surprise to the music industry’s trade bod- 
ies, the International Federation for the 
Phonographic Industry and Recording 
Industries Association of America. But 
both bodies were surprisingly sanguine. 
The RIAA did not feel the need to make 
any comment and the IFPI says its faith is 
in “the availability of legitimate on-line 
music services”. These, the IFPI hopes, 
will encourage people to buy music instead 
of copying it for free from CDs or unau- 
thorised Internet sites. 

Less surprising, Sony Music also refused 
to comment. 


SAVE WITH FLUKE 


FLUKE is offering a 24% saving when pur- 
chasing their Combo Kit. This includes the top 
of the range 179 DMM, which is a true r.m.s. 
meter, an integrated temperature probe, set of 
silicon test leads and hook clips, and alterna- 
tive leads with special electronic test probes. 

The meter offers 0-09% basic d.c. accuracy, 
has a large easy to read 6000 count backlit 
display and features an analogue bargraph. 
Frequency, capacitance and resistance ranges 
are up to 100kHz, 10,000uF and 50M 
respectively. Temperatures up to +260°C can 
be read with the plug-in Fluke 80BK thermo- 
couple probe. 

In addition the meter offers enhanced trou- 
bleshooting features, which _ include 
Min/Max/Avg recording, with an audible warn- 
ing, AutoHold and Display Hold. A set of the 
latest 1-5m long SureGrip silicone test leads 
are included, plus a meter and accessory 
case, a pair of test probes offering 1mm 
replaceable steel and spring loaded gold tips, 
and a hook set with a 6-4mm opening. 

The suggested retail price for the kit is £188, 
representing a 24% saving over the purchase 
of the individual items. It is available from 
authorised Fluke distributors. Browse 
www.fluke.co.uk. 
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ALLIGATOR CLIPS 


a = 


t 


CAT iilja.00f 


POMONA Electronics have introduced a complete family of flexible boot alliga- 
tor test clip products. They have a CAT Ill 1000V 10A rating and are adaptable 
to meet a variety of test needs, attaching to terminals up to 7-6mm o.d. 

Pomona’s offering includes two probe tip adapters, two patch cords and one 
alligator clip for test lead attachment. The probe adaptors interface to standard 
2mm and 4mm lantern tip DMM probes. The patch cords include alligator-to- 
alligator, and alligator-to-rightangle sheathed banana plug and are offered with 
flexible heat resistant silicone wire. 

For more information browse: 

Www.pomona.cc and www.pomonaelectronics.com. 


OUT THE 
WINDOWS 


By Barry Fox 


NOT everyone wants Windows. In October 
°02, Microsoft and Orange staged a mega 
event in London to announce the world’s 
first Windows-powered Smartphone serv- 
ice. SPV will offer Sound, Pictures and 
Video on the move for 40 million Orange 
subscribers in 21 countries, using GPRS 
cell-phones with the Windows operating 
system and Internet Explorer. The Orange 
phones are made under contract in Taiwan 
by HTC. 

At the launch Microsoft and Orange 
proudly announced outside support from 
Sendo, the go-getting cell-phone company 
started by ex-Philips management and now 
selling high spec, low cost phones in over 
twenty countries in Europe and Asia. 
Sendo was at the Microsoft event to show 
off the Windows-powered Z100 “world’s 
smartest phone”. But now Sendo has 
dumped Microsoft Windows and switched 
to the rival Nokia/Symbian operating 
system. 

Sendo says that “for legal reasons” it 
cannot say why it canned the deal with 
Microsoft, just weeks before launch of 
the Z100. But a spokeswoman confirms 
that Sendo now wants to work with a 
company which lets its partners work 
with the source code. Microsoft won’t, 


Nokia will. 


D A COMPLETE RANGE OF AComplete range of regulated inverters to power 220V and 240V AC 
INVE RTE RS equipment via a car, lorry or boat battery. Due to their high performance 
BD (>90%) the inverters generate very little heat. The high stability of the 


150W TO 2500W - 12V & 24V_ output frequency (+/-1%) makes them equally suitable to power 
sensitive devices. 

These inverters generate a modified sine wave, which are considerably superior to the square waves which are produced by 

most other inverters. Due to this superior feature they are capable of powering electrical equipment such as TV,s, videos, 

desktop & notepad computers, microwave ovens, electrical lamps, pumps, battery chargers, etc. 

Low Battery Alarm 


The inverters give an audible warning signal when the battery voltage is lower than 10.5V (21V for the 24V version). The inverter 
automatically shuts off when the battery voltage drops below 10V (20V for the 24V version). Fuse protected input circuitry. 


Order Code Power Voltage Price nee Ge 
651.581 150W Continuous 12V £36.39 
651.578 150W Continuous 24V £36.39 
651.582 300W Continuous 12V £50.64 
651.585 300W Continuous 24V £50.64 
651.583 600W Continuous 12V £101.59 
651.593 600W Continuous 24V £101.59 
651.587 1000W Continuous 12V £177.18 
651.597 1000W Continuous 24V £177.18 
651.602 1500W Continuous 12V £314.52 
651.605 1500W Continuous 24V £314.52 
651.589 2500W Continuous 12V £490.54 
651.599 2500W Continuous 24V £490.54 (LUSTRA OWN 1S'651.583 GOOW VERSION - 


Many uses include:- . Fetes . Fairgrounds . Airshows . Picnics . De Eee ESS atte ar tract eas ge 
Camping . Caravans . Boats . Carnivals . Field Research and . Amateur ETC. PRICES ARE INCLUSIVE OF V.A.T. SALES COUNTER. VISA 
Radio field days * Powering Desktop & Notepad Computers. AND ACCESS ACCEPTED BY POST. PHONE OR FAX. OR EMAIL 

US AT SALES@BKELEC.COM ALTERNATIVELY SEND CHEQUE 


RUROCAAD Soil 
J VISA OR POSTAL ORDERS MADE PAYABLE TO BK ELECTRONICS. 
Y) m4 B.K. ELECTRONICS eeaais For Full Specifications View our web site at:- 
TEL.: +44(0)1702-527572 FAX.:+44(0)1702-420243 PLALAVA=1.44 9 Sometel AS aS 
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INGENUITY 
UNLIMITED 


Our regular round-up of readers’ own circuits. We pay between 
£10 and £50 for all material published, depending on length 
and technical merit. We're looking for novel applications and 
circuit designs, not simply mechanical, electrical or software 
ideas. Ideas must be the reader's own work and must not 
have been submitted for publication elsewhere. The 
circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for consideration in 
this column should be typed or word-processed, with a brief 
circuit description (between 100 and 500 words maximum) and 
full circuit diagram showing all relevant component values. 
Please draw all circuit schematics as clearly as possible. 
Send your circuit ideas to: Ingenuity Unlimited, Wimborne 
Publishing Ltd., 408 Wimborne Road East, Ferndown Dorset 
BH22 OND. (We do not accept submissions for /U via E-mail.) 
Your ideas could earn you some cash and a prize! 


WIN A PICO PC BASED 


OSCILLOSCOPE WORTH £586 
@ 100MS/s Dual Channel Storage Oscilloscope 
© SOMHz Spectrum Analyser 
@ Multimeter ¢ Frequency Meter 
@ Signal Generator 
If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 
PC based oscilloscope could be yours. 

Every 12 months, Pico Technology will be 
awarding an ADC200-100 digital storage 
oscilloscope for the best IU submission. In 
addition, a DrDAQ Data Logger/Scope worth 
£69 will be presented to the runner up. 


Fully Automatic Egg Timer —- Just \Winite 


TIMING 


1N4148 
a k 


ak 
CLK {C2 TR1 
R12 BC108 


Fig.1. Complete circuit diagram for the Fully Automatic Egg Timer. 


NE of the most tasty and natural sources 
0%: protein is without doubt the humble 
boiled egg, however desirable results can 
often be difficult to attain (i.e. solid egg white 
and liquid yolk) without prior experimenta- 
tion. Egg connoisseurs everywhere will 
appreciate the inexpensive circuit of Fig.1, 
which produces almost perfect results with a 
wide variety of pan sizes, water volumes and 
heat rates. 


Egg Thermidor 

Thermistor R15 is placed in the pan of 
water and forms a bridge arrangement with 
resistors Rl, R2 and R3 and potentiometer 
VRI. A low value of 4k7 has deliberately 
been chosen for R15, so that in the event of 
water breaching the seal around its leads, the 
resistance of the water (approx. 50k) in paral- 
lel with it will have minimal overall effect. 

Op.amp IC1 operates in comparator mode, 
with resistors R4 and R5 providing hysteresis 
in order to ensure a clean switching action. 
Potentiometer VR1 is set so that when the 
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water reaches 70°C, the point at which the 
eggs actually begin to cook, IC1 is triggered 
and a logic | appears at its output. 

Consequently, pin 11 of a 4060 ripple 
counter IC2 is now at logic 1 and a count- 
down of four minutes, forty seconds (+ about 
7 seconds) commences, a period determined 
by resistors R8, R9, R10 and polystyrene 
close tolerance capacitor C2. Substituted 
components cannot be used in place of C2, as 
this would significantly affect accuracy. 

Capacitor Cl in series with resistor R7 
applies a power-on reset to IC2, so that it 
begins operation in a predictable state when 
timing commences. Resistor R6 discharges 
Cl when the device is switched off. 


Light Work 


The l.e.d. D2 is illuminated upon power-up 
via current limiting resistor R11, as pin 7 of 
IC2 at this point is at logic 0. Once the timer 
has been activated, pin 7 begins to oscillate 
between logic 0 and 1 at a low frequency of 
1Hz to 2Hz, resulting in D2 flashing instead. 


After four minutes and forty seconds, pin 3 
of IC2 switches from logic 0 to | and turns on 
transistor TR1 via current limiting resistor 
R12, which activates the buzzer WD1. As 
TR2 is constantly pulsed by pin 5 at approxi- 
mately 2Hz, the buzzer is given a more 
noticeable “beep, beep . . .” sound, rather than 
a constant tone. Capacitors C3 to C5 are noise 
decoupling components that help stabilize the 
power supply. 

Transistors TR3 and TR4 and resistor R14 
form a water-activated switch that automati- 
cally applies power to the circuit when the 
sensor prods are immersed in the water; these 
are located on a probe containing the ther- 
mistor. The circuit should be housed in a 
metal box and clipped onto the end of the pan 
handle so that heat and steam cannot come 
into contact with the components. 

It should be noted that once the alarm has 
sounded, the eggs must be cut open immedi- 
ately, so that they cannot continue to cook 
from the heat retained in them. 

M. A. Jones, Harrogate, N. Yorkshire 
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Heart Rate Monitor -— See Wie Beat 


HE simple but very reliable monitor shown 

in Fig.2 will be an asset to those who have 
difficulty finding their pulse in their wrist. It 
is also useful for checking the pulse rate 
immediately after exercise, which should be 
well above the normal rate of 60-80 beats per 
minute if any benefit from the exercise is to 
be derived. 


Light Finger 

The device depends for its operation on 
variations in light intensity. When a finger is 
placed on a light dependent resistor R2, the 
l.d.r. detects the minute changes in light level 
caused by variations in blood flow as the 
heart pumps. These light changes are translat- 
ed into minute voltage fluctuations that are 
subsequently amplified through a two-stage 
amplifier, a non-inverting op.amp (IC1la) and 
an inverting op.amp (ICIb), by a gain of 
approximately 800 as determined by resistors 
RS, R7 and R10. 

At the output (pin 7 of IC1b), each heart- 
beat is reflected in the rhythmical swing of a 
meter needle across the dial of a milliamme- 
ter (ME1) or other suitable panel meter. No 
special lighting is needed as the I.d.r. is able 
to “see” through a finger tip in normal 
daylight. 

The gain of the first op.amp is fed into the 
second and the overall gain is sufficient to 
obtain a healthy swing of the meter needle. 
Almost any moving coil meter can be pressed 
into service because we are not concerned 
with voltage or current measurement, only 
the needle deflections across the dial. 


R1 
100k 


ON/OFF 


* 
SEE TEXT 


Fig.2. Heart Rate Monitor circuit diagram. 


However, be sure to fit a series limiting resis- 
tor R11 to suit the meter and prevent damage. 
A miniature button-type I.d.r. is preferred 
to the bulkier ORP12 so that the finger can 
completely cover the sensor surface and pre- 
vent stray lighting from reaching it. Two dis- 
crete 741 op.amps could be used in place of 
the LM358N if more readily available. 
Although not shown here, the prototype 
also housed a 30-second timer, using a 555 
with an L.e.d. indicator. When the timer is ini- 
tiated, the needle movements are counted 
during the 30 second period, then doubled to 
obtain pulses per minute. The circuit could 


also be adapted as a front-end to more 
advanced monitoring systems. 

In use, after the unit is switched on, allow 
several seconds for the meter needle to sta- 
bilise somewhere about mid-scale. Place the 
fleshy part of the middle finger tip on the 
ld. and rest the hand comfortably while 
keeping it still, then monitor the meter needle 
movement. If the meter needle responds by 
only a small amount, it is probably because 
your hand is excessively cold and the circula- 
tion is sluggish. 

Tony Lee, 
Old Reynella, Australia 


Microwatt L.E.D. Flasher - 


Relaxing iLight 


HE circuit of Fig.3 is a complementary relaxation oscillator that has 
been utilised to form a low power l.e.d. flasher. The heart of the circuit 
is the 5-1V 0-5W Zener diode D2, the absence of which reduces the oper- 
ating efficiency of the circuit. Current from the anode of the Zener diode 


provides base bias for transistor TR2. 


In order to reduce the current requirement of TR2 to a minimum, a high ct 


100W/16V 


gain npn transistor (BC549C) has been selected. The resistor R1 is the 
energy saver which acts in conjunction with capacitor Cl, a reservoir for 
the whole circuit. Transistor TR1 (BC559) is a pnp type that provides cur- 
rent for the flash. 

To get a flash of fairly good intensity C1 has to be kept fully charged and 
the action is obtained by keeping the time constant of R1/ C1 smaller than 
the time constant of the timing circuit around TR2, which consists of com- 
ponents R3 to R5 and C2. The capacitors should ideally be low leakage 
tantalum types. 

Using component values as per the circuit diagram, the flash rate 
obtained was approximately 40 per minute with fairly good intensity using 
a 9V battery. The actual current consumption at the precise time of flash is 
well below 0:4mA. The circuit is tolerant of voltages ranging from 6V to 
12V though a frequency variation is noticeable when supply voltage varies. 

Unlike many other flasher circuits, this one has a very short flash dura- 
tion. The instantaneous release of energy from the 100uF capacitor (C1) 
has to be fully utilised to illuminate the l.e.d., and a 3mm clear red 1.e.d. 
was chosen as a satisfactory compromise. 


TANT. 


Fig.3. Circuit diagram for a Microwatt L.E.D. Flasher. 


Experimenters might find various other applications due to the very 
economical power consumption, e.g. by replacing RI with a 2k2 resis- 
tor and addition of a small piezo buzzer in place of the l.e.d. or in par- 
allel with it, thus converting it into a low current bleeper. 

K.N.S. Nair, 
Selangor, Malaysia. 


Signing Off... 


Sadly this is the last Ingenuity Unlimited 
column that | will be hosting, but don’t 
worry, IU will continue. It has been my 
pleasure to help bring you almost 300 
readers’ circuits since the original Practical 
Electronics column was relaunched in EPE 
nearly ten years ago. Unfortunately, pres- 
sure of work has gained the upper hand, 
and so | will be handing over to the 
Editorial staff at EPE HQ who will continue 
to publish a selection of your circuit ideas 


with valuable prizes donated by Pico 
Technology for the best. 

I'll still be working hard as usual over at 
Circuit Surgery and Net Work — the Internet 
column, and working on a number of 
other projects as well. | would like to 
express my gratitude to all those readers, 
correspondents and friends around the 
world who have sent their good wishes and 
offered me their encouragement over the 
years. It is much appreciated, and it has 
been great fun. Alan Winstanley. 
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WHY NOT SEND 
US YOUR eo 
CIRCUIT IDEA? 


Earn some extra 
cash and possibly 
a prize! 


As ts 
\\ a I} 
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nee, 


Constructional Project 


DOOR 
CHIME 


BART TREPAK 


Add a touch of nostalgia to your front 
door and have a real “ding-a-ling” with 


this low-cost unit. 


were huge monsters that lived on the air 

conditioned top floors of banks and 
insurance company headquarters and PICs 
were used with shovels on building sites to 
dig holes, life was so much simpler. 

Nobody in their right mind would want 
to use either of these to announce the 
arrival of a visitor to their door and instead 
a far simpler solution was found — the door 
chime, which had the added advantage of 
not playing the Wedding March for twenty 
minutes each time a double glazing sales- 
man came to call. 

Luckily, these did not exist either and 
only the familiar “ding-dong” sound of the 
lady selling cosmetics disturbed the peace 
and tranquillity of the family as they hud- 
dled around their warm valve wireless set 
listening to the Home Service instead of 
arguing about which of the hundred and 
fifty odd channels to watch or record on 
their top of the range digital satellite 
TV/DVD recorder . . . Ah, those were the 
days . . . now even nostalgia isn’t what it 
used to be! 

To try to return to those simpler times, 
the author decided to build a door chime 
that would recreate the sound of the origi- 
nal with electronics (well some things 
have to move on) but without 
recourse to microcontrollers, 
ROMs or hard to obtain 
special i.c.s. 

Mechanical 
door chimes 
produced their 
characteristic sound ™ 
by alternately striking 
two steel rods or plates, 
once as the door switch is 
pushed to provide the “Ding” ™“ 
and the other as it is released to 
sound the “Dong”. The main character- 
istics of these sounds are that they are pure 
tones and, in common with all instruments 
which are struck, the sound is loud at first 
and then decays. In other words two 
decaying sine waves of different frequen- 
cies must be generated, one when the 
switch is pressed and one when it is 
released. 
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I: the good old days, when computers 


SIME WAVE 
OSCILLATORS 


At first glance this seems simple enough 
to do and there are many circuits for pro- 
ducing sine waves. Basically, an inverting 
amplifier with its output connected to a 
feedback network which at a certain fre- 
quency produces a phase change of 180 
degrees is all that is required. 

When this is coupled to the input of the 
amplifier which itself exhibits a 180 
degree phase change between its input and 
output, the total phase change becomes 
360 degrees (i.e. in phase). This means that 
the circuit will oscillate but only if the gain 
is high enough to replace the inevitable 
losses in the feedback circuit. 

If the gain is too high, the amplitude of 
the output waveform will grow until it 
limits or clips on the supply rails produc- 
ing distortion or a square wave (which 
does not sound so pleasing). If it is too 
low the circuit may not start to oscillate at 


all. Many sine wave oscillators therefore 
employ some form of circuit to control 
the gain of the amplifier and keep it 
stable. 


PHASE SHIFT 


The circuit chosen was a phase shift 
oscillator where the feedback is provided 
by a three-stage high-pass network with 
each stage providing a phase shift of 60 
degrees. Here oscillation occurs at the fre- 
quency at which the phase shift through 
the network is 180 degrees and _ this 
depends on the values of the capacitors 
and resistors used. 

Normally they will have the same value, 
although making one of the resistors vari- 
able allows the frequency to be adjusted 
within limits. The frequency of oscillation 
is given by the formula: f = 1/2V(6RC). 
The gain required to sustain oscillation is 
easily supplied by a simple transistor 
amplifier. 


DELAYED RESPONSE 


To produce a decaying output rather 
than one which persists for as long as the 
battery is connected appeared much more 
difficult. Some form of voltage controlled 
amplifier or attenuator was considered but 
this was rejected as being too complicated 
— we are after all only trying to replace two 
metal rods. 

Various other schemes were tried 
including varying the base drive to the 
transistor but these not only varied the 
amplitude of the signal but also its fre- 
quency (producing all sorts of sounds 


none of which were even vaguely remi- 


niscent of a door chime). 
Also, the amplitude 
varied in the wrong 
way hardly chang- 
ing at first and then 


| changing rapidly 
rather than 
__7 smoothly as 


required. In the 
end, the simple expe- 
dient of powering the 
oscillator through a (large) 
capacitor proved to be the most 
successful. 

When the capacitor is discharged, the 
full supply voltage is available to the 
circuit and the oscillator produces a sig- 
nal with an amplitude of several volts. 
As the capacitor charges up via the 
oscillator circuit, less and less of the 


Everyday Practical Electronics, May 2003 


supply voltage is available across the 
oscillator itself and so its amplitude falls 
until eventually the signal becomes 
inaudible. 

The circuit continues to oscillate without 
clipping or suddenly cutting out at a certain 
minimum voltage level thus producing a 
smoothly reducing signal. It also has the 
great advantage in a door chime circuit, 
which spends most of its time in the stand- 
by state, in reducing the current drain to 
zero once the capacitor is fully charged. In 
this state it draws no current and is ready 
for the next caller requiring only the capac- 
itor to be discharged to initiate another 
cycle. 


A SWITCH IN TIME 


Since two tones must be generated, two 
oscillators are required together with their 
associated capacitors. In theory, the capac- 
itor could be discharged by the door switch 
but since the two tones do not sound simul- 
taneously, the capacitors need to be dis- 
charged sequentially — the first when the 
switch is closed and the second when it 
opens. As well as this, both contacts would 
have to remain open during the stand-by 
condition so that neither capacitor was 
shorted out and this would require some 
pretty fancy switching. 

Nowadays, of course, you can have any 
type of doorbell switch you like on your 
door — as long as it is a simple push-to- 
make type. Double-pole or changeover 
types suitable for mounting on your front 
door are not readily available (if at all) and 


you would probably not want to change 
your existing one anyway so that a further 
circuit must be added to switch on the 
oscillators in the correct sequence under 
the control of a single contact. 


CIRCUIT DETAILS 


The full circuit diagram of the Door 
Chime is shown in Fig.1 and consists of 
two oscillators built around TR1 and TR3, 
the circuitry for switching them on and an 
audio amplifier, IC2, to drive the speaker. 

The switching stage is centred on ICI, a 
quad CMOS NAND gate and all of the 
gates are connected as logic inverters. 
When the doorbell switch S1 is pressed, the 
input of the first inverter, ICla, goes high 
causing its output to go low and the output 
of the second inverter, IC1b, to go high. 

Both of these inverters drive pnp transis- 
tors, TR2 and TR4, via capacitors C5 and 
C10, so that when the output of an inverter 
goes low, the associated transistor is 
switched on, briefly discharging its output 
capacitor (C6/C11 as appropriate) and 
switching on its oscillator. When the output 
of the inverter goes high however, it has no 
effect on the transistor which remains off. 

Thus when the door switch is pressed, 
TR2 turns on briefly and when it is 
released, TR4 is turned on so that the two 
oscillators are switched on sequentially. 
Note that if the switch is held depressed, 
then only the first (Ding) oscillator TR1 is 
switched on and the second (or Dong) 
oscillator TR3 will only sound when the 
switch is released. 


SWITCH-OFF 


The two oscillators switch off automati- 
cally by themselves (when the voltage on 
the negative plates of capacitors C6 and 
Cll falls) but the audio amplifier, IC2, 
must also be switched off in order to 
reduce the current drain of the circuit. This 
is done by wiring the remaining two gates, 
IClc and ICld, as a monostable. 

When the input of IClc goes low (which 
happens when the switch is pressed) its 
output will go high and capacitor C14 will 
charge quickly via diode Dl. This will 
cause the output of IC1d to go low switch- 
ing on transistor TRS and the supply to the 
audio amplifier IC2. Note that the transis- 
tor will remain on for as long as the door 
switch is held pressed. 

When the switch is released, C14 dis- 
charges via resistor R15 until eventually 
the gate output goes low, switching off 
the transistor and the supply to the ampli- 
fier. The values of C14 and R15 are cho- 
sen to ensure that this will happen only 
after the second oscillator has ceased to 
function. 


AUDIO AMPLIFIER 

The audio amplifier (IC2) chosen is the 
TDA7052 power amp i.c. which, in fact, 
contains two amplifiers which drive loud- 
speaker LS1 in a bridge configuration. This 
gives an output which is typically four 
times greater than that which could be 
achieved with a single-ended output and 
ensures a loud signal even with a relatively 
low supply voltage. 


R1 
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oO C1 R2 
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R6 
100k 
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c2 c3 
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Fig.1. Complete circuit diagram for the Door Chime. S1 is the doorbell pushswitch. 
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As there is no d.c. voltage across the 
loudspeaker in amplifiers using this config- 
uration, the usual large value coupling 
capacitor is not required. Apart from a sup- 
ply decoupling capacitor (C15), the only 
other component needed is a Volume con- 
trol which in this case is preset type (VR1). 

The outputs of the oscillators are fed to 
the amplifier input (IC2 pin 2) via capacitors 
C12 and C13 and resistors R13 and R14 
which attenuate and mix the two oscillator 
outputs across level-setting preset VRI. 

As mentioned, to reduce the current 
drain, the supply to the amplifier is also 
switched off when the chimes stop. The 
absence of a speaker coupling capacitor is 
therefore an advantage as there are no audi- 
ble clicks when the supply is switched on 
and off. 

The circuit is powered by a 9 volt battery 
and the current drain in stand-by, which 
with this sort of application is most of the 
time, is virtually zero so that battery life 
will be close to the shelf life. 


CONSTRUCTION 


Initially it was intended to build the cir- 
cuit on stripboard but as the number of 


COMPONENTS 


Resistors 
R1 100 
R2, R7, R12 10k (3 off) 
R3, R4 2k2 (2 off) 
R5, R10 1M8 (2 off) 
R6, R11 100k (2 off) 
R8, R9 3k3 (2 off) 
R13, R14 ~— 150k (2 off) 
R15 1M 
R16 4k7 

All 0-25W 5% carbon film 


See 


page 


Potentiometer 
VR1 


Capacitors 
100n polyester 


10n polyester (6 off) 


10u radial elect. 16V (2 off) 


100u radial elect. 16V (3 off) 


1n disc ceramic (2 off) 
2u2 radial elect. 16V 


Semiconductors 
D1 1N4148 signal diode 
TR1,TR3 =2N3904 npn low power 
transistor (2 off) 

TR2, TR4, 
TR5 

IC1 

IC2 


Miscellaneous 
LS1 


TB1, TB2 
(2 off) 


SOP 
TALK 


4k7 carbon preset, horizontal 


BC558 pnp low power transistor (3 off) 
4011 CMOS quad 2-input NAND gate 
TDA7052 power amp. 


8 ohm miniature loudspeaker 
B1 9V battery (PP3), with clips and leads 
2-way, p.c.b. mounting, screw terminal block 


components grew it was decided to design 
a printed circuit board. This will simplify 
construction quite considerably. 

The final component layout, full-size 
copper foil master and wiring details are 
shown in Fig.2. This board is available 
from the EPE PCB Service, code 390. 

All of the components except for the 
loudspeaker and battery (and, of course, 
the doorbell switch) are mounted on the 
board and these are connected to the p.c.b. 
via flying leads, either soldered directly to 
the board or through terminal blocks. The 
components are all pretty standard and no 
special precautions need be taken other 
than to make sure all electrolytic capaci- 
tors, transistors and other polarity sensitive 
components are mounted the correct way 
around. 

Note also that transistors TR1 and TR3 
are npn types while TR2, TR4 and TRS are 
pnp. The pinouts of the npn types specified 
are slightly unusual and so if you intend to 
use substitute devices, such as BC548 or 
BC182, you will need to check their 
pinouts first. Being a CMOS device, IC2 
should be handled with care and mounted 
in a 14-pin socket. Although IC1 is not sen- 
sitive to static, a socket 

was also used for 

this device. 
The circuit is 


powered by a 9V 
and 


PP3 battery 


although the layout shows a terminal 
block, TB2, to connect this, a simple PP3 
battery connector and its leads may be used 
and soldered directly in its place. Note that 
there is also a wire link adjacent to this ter- 
minal block which can be made from a dis- 
carded component lead. 

The loudspeaker LSI can be a minia- 
ture one and this should be soldered to 
the board at the position shown using fly- 
ing leads. It is a good idea to use solder 
pins here (and for the battery connector if 
a terminal block is not used) to avoid 
damaging the p.c.b. tracks as wires sol- 
dered directly to the board often break at 
this point leading to repeated soldering 
operations. 


TESTING 


Provided the circuit layout has been 
carefully followed, the unit should work as 
soon as a speaker and battery are connect- 
ed. The Volume control preset VR1 should 
be adjusted to give a pleasing sound with- 
out distortion which can occur at high vol- 
umes if the output of the amplifier clips on 
the supply rails. 

Although the component values given 
should produce an acceptable door chime 
sound, this can be modified according to 
personal taste. As mentioned, the basic 
oscillator frequencies can be altered by 
varying one of the resistors in the ladder 
network. 


TO S1 le} 1 
DOORBELL 

PUSH 

SWITCH je} 2 


| 


one 
[aay 
ea 
O 

DB 

Ss 
\@| |e |e} |e! 


TO SPEAKER 


2.36in (60mm) 


Printed circuit board available from the EPE PCB Service, 
code 390; plastic case, size and type to choice; doorbell 
switch, push-to-make (see text); 8-pin d.i.l. socket; 14-pin d.i.l. 
socket; connecting wire; solder pins; solder etc. 


excl. batts & speaker 


2.16in (55mm) 


Approx. Cost 
Guidance Only 


Fig.2. Printed circuit board component layout, wiring details 
and full-size copper foil master for the Door Chime. 
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This is perhaps done most easily by sub- 
stituting a preset potentiometer in place of 
the resistors R4 and/or R9 and adjusting it 
to get the desired effect. Note that as well 
as altering the frequency, it will also 
change the amplitude of the note which can 
cause distortion of the wave shape by over 
driving the output amplifier but this can 
usually be corrected by adjusting the vol- 
ume control preset. 

It can also produce less than pleasing 
results especially when mixed with the out- 
put of the other oscillator. If a radically dif- 
ferent frequency is required, it is probably 
better to change the values of the capacitors. 


DECAY TIME 


The other characteristic which can be 
altered is the decay time and this is con- 
trolled by the current drain of the oscillator 
transistors (which is probably best left as it 
is) and the values of the series capacitors C6 
and C11. These may be increased to 470uF 
or beyond or indeed decreased depending on 
taste, although both should have the same 
value to preserve the “ding-dong” effect. 

In this case, the value of C14 would also 
need to be increased to ensure that the 
amplifier remains powered until the tone 
has died away. The values of C5 and C10 
may also need to be increased to ensure 
that the capacitors are fully discharged at 
the start of each tone. 

If the first tone is still sounding loudly 
when the second one commences, the two 
frequencies will beat together resulting in 
harmonics being generated and this can 


ELECTRICAL ENGINEER 


Battery Powered Consumer Products ¢ Attractive Package ¢ Hull 


lead to the production of some more or less 
pleasant (or interesting) sounds. 

Unlike custom i.c.s where the timing and 
the frequencies generated are all derived 
from one master clock oscillator, here each 
note can be adjusted to produce any sound 
of any duration required. By swapping the 
values of R4 and R9 for example, a “dong- 
ding” effect can be produced. 

There is also no reason why a further 
oscillator could not be added to provide a 


3-note chime or indeed a larger number to 
recreate the Westminster chimes. 
Although, in these cases the oscillator 
switching signals would need to be derived 
from a counter such as the CMOS 4017 
with the pushswitch providing only the 
start signal. 

While these modifications may be suit- 
able as a door chime to produce just the 
sound you were looking for, they will do 
little to recreate those “good old days”! 


RECKITT 
BENCKISER 


www.reckittbenckiser.com 


Reckitt Benckiser is the force behind many of the world’s favourite healthcare brands. Names like Vanish, Finish and Air Wick 
- each number | or 2 in its sector. Central to everything we do is a uniquely confident, entrepreneurial, “can-do” culture. 
A passionate commitment to competing hard and ultimately, to winning. 


The organisation: 


We have operations in 60 countries, sales in 180 and sales revenues in excess of £3 billion. Due to the introduction of new and exciting 
product ranges, we are now looking for a highly passionate and talented Electrical Engineer with extensive experience of the battery 


powered consumer products industries. 


The role: 


The requirements: 


¢ Provide vital electronics design input to NPD projects, producing ¢ Electrical or Electronics Engineer qualified to Degree level. 


simple household consumer products which utilise mains and 


battery power. 


¢ Strong design experience within consumer products industries 


with battery powered technology. 


Serve as a technical expert on important product development 


programmes. 


Passionate about electrical design and challenges in the consumer 


products industry. 


Conduct benchmarking exercises, identifying sourcing opportunities, 


cost reduction possibilities and product enhancements. 


Support the full scale production plans which will include training 
operations staff and ensuring legislative requirements are also met. 


| 
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Astbury Jones Executive Search, 26 Dover Street, Mayfair, London WIS 4LY. 
Tel: +44 (0) 20 7629 6116. Fax: +44 (0) 20 7763 7101. E-mail: nimos@astburyjones.com 


Able to identify and manage relationships with third party sources. 


Ability to work within challenging schedules and to launch plans in 
a fast paced environment. 


Interested candidates should apply to our retained consultant, Nimo Saeed at 
Astbury Jones, enclosing a full CV with covering letter. Please quote NS/EEI 
on all correspondence. All direct applications will be forwarded to Astbury Jones. 
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New Technology 


oe an antenna to anyone and it 
conjures up an image of either a 
television Yagi antenna array on the chim- 
neystack of a house, or a view of an 
amateur radio wire antenna. 

In recent years it has been possible to 
implement far better antenna designs as a 
result of a vast array of simulation software 
that is available. It is possible to predict 
performance in terms of gain, direction 
pattern and many other parameters before 
any metal is put together. 

These simulations can also take account 
of nearby objects that may affect the per- 
formance. As a result, major improvements 
have been made in the way antennas are 
designed, enabling far more efficient 
designs to be made more quickly. The need 
to perform many long tests on an antenna 
test site has been vastly reduced as the 
designs can be made almost perfectly first 
time. 

A considerable amount of work has been 
put into the development methods for con- 
ventional conducting antennas. However, 
there has been plenty of development 
directed towards new ideas for antennas. 
With the increasing requirements for wire- 
less links, antennas need to be made small- 
er, and to be incorporated into equipment 
more easily. 


Proximity Effects 


One of the major restrictions with anten- 
nas that use existing techniques is that 
nearby objects have a considerable effect 
on the performance. This means that for 
antennas such as those used in mobile 
phones, the proximity of other parts of the 
phone need to be taken into consideration. 
Naturally hand and body capacitance from 
the user has a major effect on the antenna 
and this will vary quite considerably 
dependent upon a number of factors, 
including the way the user is holding the 
phone, the electrical characteristics of his 
or her body and so forth. 

Antennas on mobile phones themselves 
may only be 45% efficient under ideal con- 
ditions. However when the phone is held 
close to the head this can drop to as low as 
just a few percent. This means that the 
transmitter section of the phone needs to 
generate more power to enable reliable 
communication to be maintained with the 
base station, and this results in a much 
greater level of drain on the battery. 


High Dielectric Antennae 


To address these problems a Cambridge 
(UK) based company named Antenova has 
developed a new type of antenna called a 
high dielectric antenna (HDA). This type 
of antenna uses material with a high 
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Antennae with a high dielectric constant are less 
prone to proximity effects in mobile phones. 


lan Poole reports. 


dielectric constant as the basis of the radi- 
ating element rather than a conducting ele- 
ment as used in a conventional antenna. 

The idea has been known about for many 
years. The first ideas were postulated in the 
1930s. However, it has not been possible to 
develop them until recently. The electric 
and magnetic fields are contained within 
the dielectric and as a result it was not pos- 
sible to measure them. Some early experi- 
mental models were built to demonstrate 
the principal in the laboratory, but their 
bandwidth was small, and they were not 
repeatable because of a lack of understand- 
ing of the electric and magnetic modes 
being excited within the dielectric. 

During the 1990s development of simu- 
lation software took place and as a result it 
was possible to gain a much clearer picture 
of what was happening within the dielec- 
tric. It became possible to plot the electric 
and magnetic fields and from this an 
understanding of the modes in which the 
dielectric was being excited could be 
gained. 


Physical Aspects 


The antennas may be constructed using a 
small cylinder of dielectric material with a 
disc attached. A small metal or conducting 
probe is inserted into the material to act as 
a launcher and this is fed with the RF sig- 
nal. If the relationship between the radio 
frequency signal and the dimensions of the 
dielectric are correct then a displacement 
current standing wave pattern will be set 
up. Using Maxwell’s equations it has been 
predicted that this will radiate, and this 
indeed is what actually happens. 

These dielectric antennas are physically 
smaller than their conducting counterparts. 
Under some circumstances they may be 
only a tenth the size and this can be a dis- 
tinct advantage. Many of today’s wireless 
devices are small, requiring low profile 
antennas and the new HDAs are ideal can- 
didates for these applications because they 
can be accommodated more easily within 
the electronics. 

A further advantage is that they are less 
affected by nearby objects and this too 
enables them to be incorporated more eas- 
ily onto a circuit card or other item. The 
fields are almost totally contained within 
the dielectric of the antenna itself, whereas 
the fields from a conventional antenna 
extend out by a wavelength and more, with 
the result that any objects within this range 
have a major effect on performance. 

As a result of the relative immunity to 
nearby objects it is possible to have an 
HDA design where two separate antennas 
are placed very close to one another with- 
out any noticeable effect on performance. 


The new technology is ideal for many of 
the emerging wireless communications 
systems. Bluetooth, WiFi, and the like, all 
need small antennas that can be incorpo- 
rated into a small electronics card. They 
also lend themselves well to many cellular 
telecomms applications, although the tech- 
nology is better suited to frequencies 
above around 900MHz. 

Whilst they can be used for bands within 
the 850MHz to 900MHz region, the higher 
frequency bands around 1800MHz and 
1900MHz are far more applicable, along 
with many of the new 3G allocations that 
are slightly higher in frequency. 

Antenova have built relationships with 
cellphone manufacturers and it is expected 
the new technology will be used extensive- 
ly in this arena before long. 

Currently much of the development 
work that is under way is focussed on fre- 
quencies around 5-8GHz. This is one of the 
so-called “unlicensed” bands that are start- 
ing to be used by some of the wireless 
LAN cards. 

At the moment the 2-4GHz band is the 
most popular, but with the rapidly grow- 
ing requirement for even faster data 
rates, people are migrating to 5-8GHz 
where the levels of interference are less 
and the bandwidth is greater, both ele- 
ments enabling higher data rates to be 
achieved. 


Diversity Reception 


The fact that two antennas can operate 
close to one another provides the opportu- 
nity to provide what is called diversity 
reception. This form of reception is 
required because signals often reach a 
receiver via several paths. When they com- 
bine at the receiving antenna they may 
combine constructively to provide a better 
signal or they may tend to cancel one 
another out. 

The interference patterns set up by the 
signals arriving via several paths mean that 
even a relatively short change in distance 
can make a large difference to the signal. 
As a result, the problem can be overcome 
by having two separate receiver front ends 
and two antennas relatively close to one 
another. The best signal is then used by the 
overall receiver system. As the HDAs can 
be operated close to one another they are 
ideal for using for diversity reception 
systems. 

Further information can be gained from the 
Antenova website at www.antenova.com 
and more information about new technology 
can be found at www.radio-electronics. 
com. 
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This month, we unravel a subtle timing problem on a reader’s digital circuit. We also offer more circuit 
diagram tips for beginners, illustrated with a selection of schematic symbols of common components. 


Perfect Timing 

Dr. G. L. Manning of Edgware wrote to 
describe his interesting experiences of tim- 
ing problems with digital counters, about 
which we can make some enlightening 
observations. Some excerpts of his letter 
follow: 


In the circuit shown in Fig.1 (which is 
part of a larger circuit), the required count 
length is from 0 through to 5 (0101 binary). 
The various binary values are decoded to 
an active low 1-of-n code by IC4. The 
NAND gate detects the 6 condition and 
resets the counter by a low signal applied 
to CLR. 

The small time the counter spends in the 
6 state is not a problem in this application, 
however, it is this resetting that goes 
wrong. It worked as required on a bread- 
board with its stray capacitance but only 
worked on a p.c.b. once an extra delaying 
capacitance was added in the form of C14. 

On my unmodified p.c.b. version the 
count sequence was 0 1 2 3 0... (binary 
0000 0001 0010 0011 0000). I suspect that 
the synchronous flip-flops in IC2 take 
slightly different times to settle, so after 
0011 the next output could be 0111 for just 
long enough to trigger a reset, prior to set- 
tling at the steady state of 0100. Hence, the 
capacitor C14 slows down the transition of 
the bit C so that the intermediate combina- 
tion does not occur. 

Further investigation involved replacing 
IC2 with a ripple (asynchronous) counter 
which has the advantage that bit C is not 
clocked (low-to-high transition) until pre- 
ceding bit B settles to zero (its high-to-low 
transition). Perfect function is observed 
without the need for C14. 


Finally Dr. Manning adds a couple of 
questions: 


Directly clearing the synchronous 
counter directly from output Y6 (omitting 
IC3A and C14) also works correctly. Is 
there some subtle timing/propagation 
delay in IC4 which means that it does not 
respond to the intermediate output value? 

A final observation is that all chips test- 
ed behaved the same, but all were from the 
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same manufacturer. Are such critical 
timing errors manufacturer-dependent? 
Thanks from Godfrey Manning, G4GLM 


Let’s deal with the questions first. The 
response of digital circuits to (relatively) 
short duration pulses (glitches) is rather 
like the inertia of objects when they are 
pushed. Objects may or may not move 
when given a (relatively) gentle push (due 
to friction), and logic circuits may or may 
not respond when a glitch is applied to one 
of their inputs. 

The “inertia” is different for different 
circuits, so it is quite natural to find that 
the NAND gate responds to the short 
duration intermediate state from the 
counter, whereas the decoder does not. 
This behaviour can be described as a sub- 
tle timing issue, but it is not an error. 
There is, however, another possible expla- 
nation for this behaviour, which we 
discuss later. 

The response to glitches does not just 
vary between different circuit “designs” 
(e.g. NAND gate and decoder); it also 
varies between individual instances of 
circuits or gates 
(e.g. two individual 
decoder chips). +5V0 
Manufacturer’s 
datasheets —_ usually 
specify the typical 
delay and_ longest 
delay for the response 
of the logic chip. If a 
chip is slower than the 
longest delay speci- 
fied, then it has not 
met the specification 


INPUT O 
and you may have a 


BINARY 
COUNTER 


(74LS161 or whatever) and one manufac- 
turer’s devices could well be on average 
much faster than an other. Thus it is possi- 
ble to find circuits that will work (at least 
most of the time) with one manufacturer’s 
chips and fail (at least most of the time) 
with another’s. In practice this is pretty 
rare, but it does happen. 


The Chips Are Down 


We know of cases where production lines 
have been halted due to almost 100 per cent 
failures of a circuit board after a change of 
chip manufacturer for a basic logic device, 
or after the chip manufacturer changed their 
production process and suddenly an ic. 
was (for example) much faster than before. 
If the “new” chip is in specification then the 
board manufacturer has no claim against 
the chip manufacturer. 

Such problems occur in circuit designs 
that are too sensitive to possible variations 
in circuit parameters (such as gate delay). 
Asynchronously resetting counters as 
shown in Fig.1 is an example of this — it is 
quite common practice, but it does not 
always work. 


BINARY TO 
INDIVIDUAL 
LINE DECODER 
(ACTIVE LOW OUTPUTS) 


Y3 
74LS138N 
Y4 


right to replacement; 
however, there is usu- 
ally no minimum 
delay specified so a 
particularly fast de- 
vice is not usually 
regarded as being out 
of specification. 
Therefore, two man- 
ufacturers could pro- 
duce nominally the 
same ic. type 


IC3a 


74LSOON 
2 


| OPTIONAL 
| CAPACITOR 

| (SEE TEXT) *29P 
RESET INSTANTANEOUSLY 
ON COUNT OF 0110 


Fig.1. Circuit example for asynchronously resetting counters. 
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For mass-produced commercial electron- 
ic designs it is usually better to avoid such 
sensitivities, but for hobbyist designs, 
where typically only one copy of the cir- 
cuit is made the fact that tweaks such as 
adding a capacitor can make the circuit 
work means that it is not so critical. Having 
said that, it is good practice for the amateur 
designer to try to avoid having to use 
tweaks, by designing a more robust circuit 
in the first place. 

There are a few variations on Fig.1 that 
could help in this respect: one approach is 
to use a counter that is guaranteed not to 
produce a reset glitch on the wrong count. 
The reader’s use of the asynchronous 
counter would appear to be a solution here, 
but it is a bit ironic as asynchronous coun- 
ters are often avoided in circuits like this 
because of their tendency to produce 
glitches due to intermediate output states. 
Although it worked in this case it is not a 
general solution! 


Bit of a Problem 

One potential problem with the circuit 
shown in Fig.1 is that the reset is produced 
by detecting bits B and C being equal to 1, 
irrespective of bit A. This allows the circuit 
to reset on a 0111 intermediate output as 
hypothesized by Dr. Manning. 

If a three-input NAND gate were used to 
detect 0110, then the 0111 intermediate 
state would be unlikely to trigger the reset. 
Of course, the A bit would have to be 
inverted before connection to the NAND 
gate. 

This may also be why using the Y6 out- 
put to reset the counter worked — the Y6 
output from IC4 is decoded using all the 
counter’s outputs so fewer intermediate 
states will decode as Y6. This may account 
for the variation in the circuit’s behaviours 
using the IC3a and Y6 to drive the reset, 
rather than their different “inertias” as dis- 
cussed earlier. 

A more robust design is obtained by 
using a synchronous reset rather than the 
asynchronous one employed in Fig.1. The 
74LS163 has such a reset, but is otherwise 
like the 74LS161. The circuit of Fig.1 
could be modified to use a 74LS163 by 
changing the NAND gate (and inverter) to 
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SYMBOL FILE-2 


SINGLE POLE =<. 
SWITCH . 


Ww 


PUSH SWITCH 
(NORMALLY OPEN) 


no 


—_ — 


PUSH SWITCH 
(NORMALLY CLOSED) 


—olo— 


+ 
LS1 woD1 


LOUDSPEAKER BUZZER 


— 


A 


W = WIPER 
(MOVING CONTACT) 
ROTARY SWITCH 


CONTACTS 


RLA 
it 
RLA1 
N.O. N.C. 


POLE 


RELAY 
TRANSFORMER 


CRYSTAL 


A selection of common circuit symbols. 


detect binary 5 (0101). A three input gate is 
needed, but the capacitor is not required. 
When the counter is outputting 5, the 
CER line will go low causing the counter 
to reset to 0000 on the next clock. Even bet- 
ter would be to connect Y5 to the 
74LS163’s CLR. This would avoid the 
need for a NAND gate and inverter. In this 
circuit the counter would never go into the 
unused 6 state, even for a short time. .M.B. 


Simple Symbols 

In last month’s Circuit Surgery we 
described the basic technique of reading a 
circuit diagram. A circuit schematic is noth- 
ing more than a road map, with the towns 
and cities (electronic components) being 
interconnected by roads (conductors). We 
also said that a circuit diagram rarely con- 
tains the practical information that may be 
needed during assembly. Usually we can- 
not tell from the diagram what type of wire 
to use nor how to install it: is it handling a 


Mains Transformer, p.c.b. mounting 


Toggle Switch 


sensitive microphone signal or a 3kW 
heating element? 

We must “read” the drawing to find out 
what is going on, and we must then refer to 
the constructional information provided. A 
roadway intersection (electrical junction) 
is represented by a blob on a circuit dia- 
gram — see Fig.1 on page 263 of the April 
2003 issue for details. The constructional 
details will offer essential information that 
relates to cable specification, insulation 
and pinout information etc., so that you 
can ensure that parts are connected togeth- 
er properly and components are inserted 
the right way round. 

In Symbol File-1 last month we showed 
the symbols for resistors and capacitors, 
including variations of those used in EPE. 
This month, more basic schematic infor- 
mation is given Symbol File-2 which 
shows the symbols that depict basic com- 
ponents including switches, fuses, trans- 
formers, buzzers, loudspeakers and more 


611DGi2. 
pa g 


32015 A 


Relay 


Piezo sounder disc 
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SYMBOL FILE-3 


specialist “Darlington” transistor (which 
merely combines two transistors into one 
package to produce a much higher gain), 
are also given in Symbol File-3. The use of 
transistors is often a stumbling block for 
beginners in electronics, and again EPE 
helps you by labelling the pins e, b, or c for 
emitter, base or collector respectively in 

circuit diagrams. 
The incorrect connection of transistors is 
a very common error made by novices, but 
mistakes can be avoided by comparing the 
pinout diagrams with the circuit diagram. 
c (DRAIN) Smaller low-power bipolar transistors are 
(GATE) ' ‘ usually produced in a plastic package 
g g whilst power transistors are packaged in 
e TO-3 steel cans or TO-220 plastic tab 

P-CHANNEL 
MOSFET 


(ANODE) (CATHODE) i 
a k a k 
ph 


DIODE EB, 
a k a 
a ON 
TYPICAL UNDERSIDE 
PINOUT VIEW 
(COLLECTOR) 
c 


(BASE) c 
b b 
© (EMITTER) e 


NPN 
TRANSISTOR 


TYPICAL 
TRANSISTOR PINOUT 
(UNDERSIDE VIEW) 


TYPICAL 
POWER TRANSISTOR 
PINOUT 


PNP 
TRANSISTOR 


S (SOURCE) 
styles. 
In the case of small transistors, pinouts 


NPN N-CHANNEL 
DARLINGTON MOSFET 


TRANSISTOR 


(ANODE) 


(GATE) 97]k (catTHODE) 


THYRISTOR 


MT2 (MAIN TERMINAL 2) 


MTt (MAIN TERMINAL 1) 
TRIAC 


Fig.2. A selection of popular circuit symbols for semiconductors. 


besides. With a little practice, you will soon 
be able to find your way around a circuit 
diagram and recognise all the major com- 
ponents used by the designer. 


A Helping Hand 

Devices such as resistors, inductors and 
capacitors are classed as “passive” compo- 
nents as they have no “electronic intelli- 
gence”. However, almost every circuit uses 
“active” semiconductor components 
including diodes, transistors and integrated 
circuit chips. 

Our experience tells us that the incorrect 
fitting of semiconductor devices causes a 
large proportion of circuit construction 
problems. Almost every semiconductor 
device requires connecting in a unique way 
if the circuit is to work successfully, and so 
in Symbol File-3 we show common semi- 
conductor symbols, which can be com- 
pared against their physical pinouts and 
styles (see photos). 

By adding extra information in circuit 
schematics, EPE helps constructors to 
understand diagrams. Starting with a diode, 


Diode, glass or plastic package 


“= 


Power Transistors 
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these have two terminals (anode and cath- 
ode), hence the a and k designations that 
are shown in our drawings. It is not uncom- 
mon to connect these the wrong way round 
— which may sometimes destroy the device! 

Almost always, a stripe on the diode 
body indicates the cathode (k). (For an 
example, see the Atmospherics Monitor 
project last month, and compare the circuit 
diagram with the stripboard layout). This 
rule applies to most types of diode, includ- 
ing the Zener voltage reference device also 
shown. 

Light-emitting diodes (l.e.d.s) find their 
way into many projects and again their ter- 
minal arrangement is described in a pinout 
drawing. Note that in this case the pinout is 
a worm’s eye view of this device, i.e. as 
seen looking from underneath the compo- 
nent. A flat side on the body helps to deter- 
mine the orientation of the l.e.d. (usually it 
marks the cathode). 


Status Symbols 


The symbols for npn and pnp (hence, 
“bipolar’’) transistors, along with a typical 


Power Triac, stud mounted 


Transistors, plastic package 


are almost always seen as an underside 
view, but power devices may have a frontal 
view instead. Either way, identifying the 
correct polarity of a transistor is essential 
for successful construction. Fortunately the 
advent of the Internet means that data 
sheets can now be downloaded directly 
from manufacturer’s web sites. 

On then to MOSFET transistors, and the 
symbol for the common n-channel and p- 
channel devices are given in Symbol File- 
3. Note how the arrowhead points the other 
way, when compared with npn and pnp 
transistors! As usual, EPE designates the 
terminals (drain, source and gate) of 
MOSFETs in circuit diagrams. We 
described MOSFETs in more detail in the 
Jan. and Feb. ’03 issues of Circuit Surgery, 
and a follow-up is in the pipeline. 

Finally, to round off semiconductor cir- 
cuit symbols, those for a thyristor and 
triac are shown, along with their terminal 
designations. It is worth pointing out that 
triacs are often associated with mains 
voltage control circuits, and therefore all 
constructional details must be followed 
closely, especially concerning the 
insulation aspects, in order to avoid any 
possibility of receiving accidental mains 
electric shock from the triac’s metal 
mounting tab. 

In the third part of our circuit diagram 
mini-series next month, we look at inte- 
grated circuits, followed by power rails 
and ground (earth) symbols and other 
considerations. ARW. 


Red L.E.D. 


Transistors, metal can 


Everyday Practical Electronics, May 2003 


™ 


utotr 


Electronic Design Automation 


Schematic Capture 
SPICE Simulation 
PCB Layout 
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3D PCB Visualization 
Database Support 
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® Drag and drop parts onto your schematic. 

® Connect them together. 

® Add virtual instruments such as scopes and 
function generators. 

® Use the PCB design wizard to create your PCB. 

@ Autolayout and autoroute the board. 

@ View the board in 3D. 

© Output to Gerber and AutoCAD/Solidworks. 
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To find out more go to www.autotraxEDA.com 
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20 years now ... and the system you have here is as good as anything I've ever used ... Phillip Dimond 


Why wait? Download the unlimited FREE software NOW! 


www.autotraxEDA.com 


See us on booth #824 at the PCB West conference/exhibition 


DESIGN in San Jose, California, March 12-13 2003 
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READOUT 


Email: john.becker @epemag.wimborne.co.uk 
John Becker addresses some 


of the general points readers 
have raised. Have you anything 
interesting to say? 
Drop us a line! 


All letters quoted here have previously been replied to directly. 


WIN A DIGITAL 
MULTIMETER 


A 31h digit pocket-sized I.c.d. multime- 
ter which measures a.c. and d.c. volt- 
age, d.c. current and resistance. It can 
also test diodes and bipolar transistors. 


Every month we will give a Digital 
Multimeter to the author of the best 
Readout letter. 


%& LETTER OF THE MONTH *& 


P.C.B. CAD AND XP 

Dear EPE, 

Having read Malc Wiles’ letter (Readout 
April ’03) of concern about using his present 
p.c.b. CAD package on new PC equipment has 
forced me to write to you. Reading his com- 
ments about using Windows XP, I assume that, 
like thousands of other PC users, he has been 
given misguided information about the operat- 
ing system. 

I, too, have tried many types of p.c.b. CAD 
program (shareware and commercial), some 
that were written for DOS, Win95, Win98 and 
XP. [have not found one yet that will not run on 
Windows XP. The same applies for most other 
software too. Over the last 12 months I have 
converted dozens of Win 98 and Win ME users 
to XP. The operating system is years ahead of its 
predecessors, being, in my opinion, the most 
stable system ever. My system has never 
crashed nor had blue screens since loading it 14 
months ago. XP does not allow the use of badly 
written programs — the type that attempt to write 
over critical Windows memory locations. 

Ihave some good advice for those who have 
been misguided. Don’t knock it until you’ve 
tried it! 

On a change of subject I think your mag is 
great. Its continuing popularity must be due to 


GETTING ORG-ANISED 

Dear EPE, 

Ihave recently purchased a PIC Toolkit MK3 
board from Magenta and am working through 
your PIC Tutorial. I have typed the first example 
listing into my WordPerfect program and saved 
as an ASCII text file. When I try to assemble 
from ASM to HEX all I can get is a message 
telling me that an ORG statement has not been 
found and that the assembly has been aborted. 
But I have typed in the ORG statements as need- 
ed. What am I doing wrong? 

Graham Payne, via email 


I first pointed out to Graham that he need not 
type it from the published listing as all the soft- 
ware is available for free download from our ftp 
site, access through the top of our home page at 
www.epemag.wimborne.co.uk (and of course 
it’s also available for purchase on disk as 
described in the article). 

It would also be a mistake to type in all the 
example programs since as we progress into the 
Tutorial, it is only extracts of the listings that are 
shown. They are on their own and without all the 
“fixtures and fittings” that must accompany any 
PIC program, and so cannot stand alone. 
However, I told Graham I would be interested to 
see the file that he had created as I could not 
understand why it would not assemble even 
though the required ORGs were there. 

Having received Graham’s file the answer 
was simple! Every typed in statement had been 
placed hard left of the text page. Consequently 
TK3 was not finding statements in their correct 
columns, and overlooking the ORGs in column 1 
when it was expecting them in column 2. TK3 
and other PIC programming assemblers all 
expect to find commands starting in column 2. 
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the constant variety that is covered in it. My 
favourite at present is PIC programming. 

I am interested to know if you have any 
plans in the future to build an X, Y, Z plotter 
that will read Gerber or Drill files produced by 
p.c.b. CAD programs. 

Charles Fenton, 
via email 


You are very reassuring about XP, Charles. 
I’ve not tried it for myself yet, still variously 
using 95, 98 and ME. 

Years ago I tried to build a plotter but my 
limited mechanics skills and equipment 
defeated me. No-one has ever offered us one 
that I know of. These days I'm sure that it 
would actually not be appropriate for us to 
publish one anyway, with the quality of the 
printers now available, most readers would 
probably not find any benefit. Admittedly the 
size of image that could be handled by a 
decent plotter would find appeal in some 
quarters, but few readers are likely to need 
large p.c.b. images. 

Even I do not usually require an image larg- 
er than A4, although my PICronos L.E.D. Wall 
Clock being published next month is wider 
than A4, but I adequately coped by combining 
two printout sections. 


Column 1 is reserved for labels. Just putting a 
space in front of each line was all that was nec- 
essary, making TK3 think the commands were in 
column 2. 

The concept of columns is in a sense somewhat 
arbitrary. TK3 and many other programmers 
Jirst examine each line of text and split it into sec- 
tions. The section splits are initially determined 
by the position at which blank spaces or tab com- 
mands (the “separators”) are found, with con- 
secutive occurrences of either being ignored. Any 
text to the left of the first separator is regarded as 
being in column I. Any text between separators 
one and two is in column 2, etc. 

Columns are also created by the presence of 
commas in some commands, as in the case of 
MOVF PORTB,W for instance. In this statement 
MOVF is regarded as in column 2, PORTB in 
col 3, and W in col 4 

When you are keying in PIC commands, ide- 
ally make column 2 start so there’s room for 
labels in column I and to keep things neat and 
tabulated. Study my listings. 


AMPLIFIERS 
Dear EPE, 
Have you done any projects about amplifier 
construction, including the tone controls? 
Engr. Daniel A. Offiong, 
Calabar, Nigeria., via email 


We have not done much on amplifiers in 
recent years, but Raymond Haigh’s series of 
four articles, Simple Audio Circuits, might 
interest you, published in May-Aug ’02. 

Back issues can be bought from HQ, see the 
Back Issues page, or from our Online shop, 
accessible via the top of our UK home page at 
http://www.epemag.wimborne.co.uk. 


RAIN MAN 

Dear EPE, 

With regard to Ferren MacIntyre’s letter and 
your comments to him about rain gauges in 
Readout April ’03 — for a long time I worked on 
the telemetry for a river authority and the classic 
tipping bucket was about the only accurate 
method of measuring rain fall and also give a 
close approximation as to the time the rain start- 
ed/stopped. 

The idea of a gauge with no moving parts is 
very interesting. We actually had a tipping 
bucket failure due to ants building their nest 
under it! However, I feel the method outlined by 
Ferren of using a V notch weir may present a 
few problems with regard to calibration. From 
what I can remember of weirs there are a host of 
calibration curves depending on the amount of 
flow over the weir. 

The manual type of rain gauge uses a funnel 
to drain the rain into a long small diameter but 
calibrated glass jar. I wonder if it would be fea- 
sible to bring this device up to date by placing a 
pressure transducer in the jar? The gauge could 
be interrogated at 15 minute intervals, as is the 
norm. There is the small problem, though, of 
when did the rain start? This would have to be 
done in software which could sense a change in 
level/stable-level as being the start or stop time 
respectively. 

May I also draw your attention to April’s 
Plant Watering Reminder. If the probe is to be 
left in the soil, which will obviously be moist, 
then polarisation will occur around the probes 
with a build up of gas around them and the 
device will slowly cease to function thereby giv- 
ing a false indication. 

Peter Mitchell, via email 


Years ago, Peter, when I designed my first 
weather centre, I did consider tipping buckets and 
the like, but decided the mechanics were probably 
beyond the tools that I have. These days, on 
behalf of readers who could be in a similar 
predicament, I still would not wish to go down the 
mechanical route (one reason I investigated, and 
have implemented, solid-state wind speed/direc- 
tion sensing). An ants problem I'd not even con- 
sidered, but as a programmer I suppose I should 
have been prepared to eliminate bugs, though! 

Certainly I can see a way in which I could 
design a pressure sensitive rain gauge, but I think 
the cost could outweigh its usefulness. First the 
water level sensor would need to be water- 
proofed. Secondly, I think it would be necessary 
to also sense atmospheric pressure with another 
sensor, to remove that influence from the read- 
ings of the first sensor. Using ultrasonics, as I 
commented in my reply to Ferren, is a technique 
I’ve used in the past and am again in the design 
being worked on. 

Yes, perhaps a note on polarisation should 
have been added to the Plant Watering 
Reminder. /t’s worth remembering, though, that 
it is only a simple circuit and by its nature not 
equipped with the features that would be expect- 
ed from a more sophisticated design. 

I discussed the problems of polarisation in 
brief in Part One of my Earth Resistivity Logger 
(April ’03). The ER’s PC program also has a 
click button that lets you read about experiments 
that can be carried out into measuring soil con- 
ditions and the associated problems. 
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WIND TUNNEL 

Dear EPE, 

Regarding John Becker’s Wind Tunnel (Feb 
°03), and the subject of “smoke”, model railway 
enthusiasts use a 12V device, made in Germany 
under the Seuthe brand name, which takes a few 
drops of light oil “down the funnel” to give a 
modest stream of smoke for several minutes. 
Another, less messy, source is the humble 
mozzie-coil (they go for ages) or its perfumed 
relative, incense/joss-sticks available from “new- 
age’”’ shops. Used with a perforated tube across 
the air-path, several streamers may be made from 
one source of smoke. 

Brian Conner, 
Newtown, N.S.W., via email 


Thanks, Brian. In fact I tried to get joss-sticks, 
living in a multi-cultural area, I had expected to 
find them, but failed. Nor could I get model train 
smoke from my local model shop. 


BIG DIGIT DISPLAY 

Dear EPE, 

Thanks for the Big Digit Display project fea- 
tured in your May ’02 issue. A couple of years 
ago I “procured” four of these 7-segment dis- 
plays when Shell service stations in Australia 
refurbished their outlets. There must have been 
thousands of these devices that were just trashed. 
However, no-one was able to supply any control 
devices or info, apart from your Fig.1 and Fig.2 
details. So they’ve sat in the groundsman’s hut at 
my rugby club gathering dust, spiders and wasps. 
Yes, I know your article was last year, but it was 
mid-season over here and too late to start on the 
project, but now that rugby time is here again I 
needed to get myself into gear. 

Have you had any feedback relating to remote 
control either by infra-red or r.f.? Could you 
please advise how I go about finding out that 
info? It’s just that it’s a long way to dig a trench 
to run the cables to the other side of the paddock 
(and needs much amber nectar to encourage us!). 

Peter Finch, Australia, via email 


I suggest that you consider using rf., Peter. It’s 
highly unlikely that infra-red will reach far 
enough. Browse www.rfsolutions.co.uk for rf. 
modules. 

And nectar’s even more enjoyable if you don’t 
have to work for it! 


PIC PATIENCE 

Dear EPE, 

Ihave experienced problems with a PIC16F84 
when the power is removed and then quickly 
turned back on. Nearly all of your circuits use a 
100nF capacitor between the power pin and 
ground which I always include. 

The problem is most obvious when an l.c.d. is 
connected to the chip. I can regularly get the chip 
to start up with the display showing garbage and 
nothing else seems to function. Am I doing 
something wrong? Can you offer an alternative. 

Simon Smyth, via email 


You should always allow time for a circuit’s 
capacitors to discharge fully following switch off 
and before re-applying power. Intelligent devices 
like PICs and l.c.d.s require an initialisation pro- 
cedure when powering up. By switching off and 
then on again immediately, the device’s internals 
could be caught in mid-stroke, so to speak, 
through the disruption of partly losing power, but 
not enough to be triggered into their initialisa- 
tion procedure when power resumes. They will 
certainly get confused if you don’t allow time for 
the power supply voltage to drop sufficiently. So 
yes, Simon, you are doing something wrong, not 
being patient! 

If what you are trying to do is restart the pro- 
gram from the beginning to observe a particular 
action, there is an alternative to switching off the 
power. With all of my PIC designs, there is a 
diode and resistor between the PIC’s MCLR pin 
(pin 4 on a PICI6FS84 and the +5V line). There 
is then a connection point on the board that joins 
to pin 4, and usually marked as MCLR. Connect 
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a push-to-make switch between that point and 
the OV line. Pressing the switch automatically 
resets the PIC so that it is forced to restart the 
program from the beginning when the switch is 
released. 

Do not use this technique with any PIC circuit 
that has its MCLR pin connected directly to the 
+5V power rail, i.e. without a buffering resistor 
such as my circuits have (but other people's 
designs may not). Doing so would short out the 
power supply. 


SOURCING VB 

Dear EPE, 

I wish to try my hand at programming in 
Visual Basic. Is this very hard to master? Iam ok 
with Z80, ST6 and PIC but would like get at the 
PC. What exactly would I need to purchase to get 
something up and running? If you can point me 
in the right direction it would be most helpful. 

John Ramsey-Brown, via email 


Well, John, I found VB6 much easier to learn 
than I expected, partly helped by some aspects of 
it being similar to QBasic which I already knew. 
Problem now though is that VB6 does not seem 
to be so obviously available — my local PC World 


for instance no longer has VB6 on its shelves and 


has not replaced it with the later and more 
expensive version, VB Net. 

However, talking to their manager recently, I 
was told that although not on the display shelves, 
VB6 is shown in their latest catalogue. I found it 
in the books section on page 557, under Visual 
Basic. It shows the same version that I learned 
on and continue to use, Visual Basic 6.0 Deluxe 
Learning Edition Book/CD package, £75.18. 
Well worth it. 

It is a superb tool and I love using it, as much 
as I do PICs! 


TELE-FEEDING (1) 

Dear EPE, 

After reading Norman Blair’s letter about 
Tele-Feeding in Readout March ’03, it occurred 
to me that I had controlled some equipment via 
the phone using the Velleman K6501 remote 
control by telephone. This uses DTFM codes 
which are fairly secure and up to three outputs 
are possible from memory. I believe Maplin 
stock this kit, which might help Norman. 

David Larner, via email 


Thanks David 


TELE-FEEDING (2) 

Dear EPE, 

There is a way that Norman Blair can use the 
telephone legally to signal his animal feeder — 
and with the bonus of having the telephone being 
usable with an answerphone at the same time. If 
he purchases/has an answerphone that will either 
ignore an invalid DTMF code for remote 
retrieval (or simply doesn’t have remote access 
to begin with), then an acoustically coupled 
microphone (mic plonked near the answerphone 
speaker) fed into a cheap DTMF decoder i.c. 
could do the job well. 

He would need to dial in, wait for the outgo- 
ing message to finish and then press the required 
key(s) to activate the gadget. So long as the 
answering machine had call screening — most do 
— this would work well, offer a degree of immu- 
nity from false activation and be completely 
legal. 

If security was not an issue, then he wouldn’t 
even need a PIC, just a DTMF decoder, crystal, 
a few discretes, an op.amp and a microphone, an 
output via a general-purpose transistor and a 
relay with back-EMF diode across its coil. I’m 
not sure if Maplin still stock DTMF decoders, 
but Farnell do and they do supply to private users 
at trade price. Come to think of it, up to 12 dif- 
ferent devices could be controlled in this way — 
16 in fact if Norman has access to a keypad with 
ABCD as well as the usual set of buttons. 

Incidentally, if anyone has a spare i-button 
hybrid module for sale (sold by Maplin’s before 
they discontinued it), I’d appreciate an email, I 


cannot find another self-contained device that 
can recognise up to six i-buttons anywhere. 

Mark Tibbert, via email 

Mark @lineisp.com 


Thank you Mark. So, Norman, you are spoilt 


for choice thanks to David and Mark. And, read- 


ers, can you help Mark? 


PICTUT V2 PLUS MSCOMM 

Dear EPE, 

The April issue is a nice edition — I’ve been 
awaiting your PIC Tutorial V2 with some antici- 
pation as I’m hoping to plug most of the signifi- 
cant gaps in my limited PIC knowledge. From 
the contents page, it looks like it’s going to be 
great. 

Secondly, I read Robert Penfold’s April 
Interface article and in the State Monitoring 
section, he states that there is no way to 
monitor the RI (Ring Indicator) signal. This 
isn’t entirely correct. The OnComm event is 
raised with ComEvent set to comEvRing. 
However, not all chip-sets support this signal. 
More information can be found in the 
MSCOMM on-line help. 

Joe Farr, via email 


Thank you, Joe, we look forward to publishing 
your sophisticated serial interface that we are 
discussing with you separately. 


STACK ENHANCEMENT 

Dear EPE, 

In the March issue Readout, John Waller 
writes about the 8-level-deep limit on the stack 
of PICs such as the F877. Microchip have a soft- 
ware solution for the smaller PICs with only a 2- 
level stack (application note 527), which could 
be modified to give a bigger stack on the larger 
PICs. 

David Tilch, 
Johannesburg, South Africa, via email 


Thanks David. In fact a fair bit of correspon- 
dence was generated on this subject, but too 
lengthy and in-depth to publish. Some of the 
solutions offered though had such an overhead 
cost in terms of code involved, I became deter- 
mined that I would find ways round ever needing 
to use a stack quantity greater than that allowed 
by the PICs I currently use. 


BROWSE THESE 

Dear EPE, 

Readers could find the following free software 
on the web to be interesting: 

SIMetrix: www.newburytech.co.uk. 

Quickfield: | www.tera-analysis.com or 
www.quickfield.com. 

The first is S{Metrix’ simulation demo. I have 
the full copy at work, but the free version (which 
is sort of node limited) has proved quite useful at 
home. It allows you to save circuits but there is a 
limit to how many components can be used in 
the simulation. I’ve also used it for producing 
circuit diagrams (bigger than it will allow you to 
simulate) which is also useful. 

The other one is Quickfield’s Student edition. 
It’s a finite element analysis package. I’ve used it 
for calculating the resistance of odd shapes of 
polysilicon on ASICs. You can define a geometry 
and having defined the resistivity, you can see 
the current distribution — in living colour. You 
can then get it to calculate resistance. It also does 
electrostatic and magnetic stuff. That’s probably 
not what most of your readers do, but it can be 
really educational. 

Just got into your Toolkit TK3. Very nice. (Is 
John on the Microchip payroll? I think they owe 
him!) 

Graham Johnston, via email 


Thanks for the info and kind comments 
Graham — I’m waiting for a huge cheque from 
Microchip (even a little one would do), but it’s 
still not come even after these many years of sup- 
porting them! Ah well, I suppose some things 
one does for love, not money! 
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Constructional Project 


BACK TO 


BASICS 


BART TREPAK 


——$_ 
Om .- 


Mustrating how useful circuits can be 
designed simply using transistors. 


LIVE WIRE DETECTOR 


EN it comes to useful circuits 
using very few components, this 
one takes some beating, as a quick 


look at the component list will show. 
Using only three transistors, together with 
one resistor and a light emitting diode 
(1.e.d.), it performs a whole series of func- 
tions that make it useful for professional 
electricians and DIY enthusiasts alike. 

Despite its extreme simplicity, it can be 
used to detect if a cable is live, identify the 
live conductor itself, and to test the fuse in 
a plug without even dismantling it. It can 
even be used to locate breaks in a circuit, 
which makes it ideal, for instance, for find- 
ing which lamp in the Christmas decora- 
tions has blown or become disconnected, 
causing the whole chain not to light. 

As if this were not enough, it can even 
be used to test light bulbs, fuses and relay 
coils for continuity. 


that is connected to the base of transistor 
TRI. This field, which will exist even if 
the conductor is not actually carrying a 
current, will induce a voltage at the tran- 
sistor base (b) causing it to turn on. 

The alternating base current will, of 
course, be minute as the effective imped- 
ance in the base circuit (which consists of 
the stray capacitance between the conduc- 
tor and the detector probe) is very high and 
the collector current is therefore very 
small. 

The collector current, however, provides 
the base current for transistor TR2. The 
currents at the emitter (e) of TRI and the 
collector (c) of TR2, jointly provide the 
base current for TR3. In effect, the three 
transistors form a super transistor, which 
has a gain equal to the product of their 
individual gains. 


Part Four 


CIRCUIT 
DIAGRAM 


The circuit diagram 
for the Live Wire 
Detector is shown in 
Fig.22. It is basically 
a very high gain 
amplifier, although no 
attempt has _ been 
made to minimise sig- 
nal distortion. Indeed, 
it is not even biased, 


Ciké 


230V 
ac. 
N 


vA, 
re ™s 


so it amplifies only 


SENSOR 
PAD 


the positive part of the 
sinusoidal mains fre- 
quency signal. 

The fact that no 
base bias current is — 
used is an advantage 


here. It means that 
when the circuit is not 
actively being used it 
draws no significant current, and so an 
on/off switch is not required. 

The electric field, which exists around 
any conductor connected to an a.c. source, 
is remotely picked up by a short aerial wire 
or a small plate (such as a drawing pin) 
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Fig.22. Circuit diagram for the Live Wire Detector. 


The resulting current passing through 
TR3 via resistor R1 and L.e.d. D1, is large 
enough to light the l.e.d. Resistor R1 is 
included to limit the current. In fact, the 
l.e.d. flickers at the frequency of the elec- 
trical field source, at 50Hz for the UK 


mains supply (60Hz for USA). This is 
because TRI is only turned on when the 
voltage on its base goes positive, but this is 
too fast to be noticeable visually. 

The effect can be used to advantage. By 
connecting a piezo sounder or high-imped- 
ance earpiece between the collector and 
emitter of transistor TR3, an audio indica- 
tion of the presence of mains fields can be 
provided, in the form of a 50Hz buzz 
(60Hz in USA). If this is preferred to a 
visual indication, then the l.e.d. can be 
replaced by a link wire and the value of 
resistor R1 increased to 10k. A louder 
sound output will also result. 

The l.e.d. will only be turned on when 
the sensor is brought close to the live con- 
ductor in a mains cable, enabling it to be 
easily identified. When the sensor is 
removed from near the cable, the l.e.d. will 
be turned off. The circuit’s earth is effec- 
tively provided by the capacitance of the 
mains circuit supply to the user’s hand, and 
the user’s body capacitance to earth, which 
is around 100pF (depending on body 
size!). 

Gluing aluminium foil to the inside of 
the plastic case and connecting it to the 
battery negative can increase the hand 
capacitance effect, although this is not usu- 
ally necessary. These stray capacitances 


COMPONENTS 


Resistor 
R1 100 


See 
SHOP 


Semiconductors 
D1 


TR1,TR3  2N3904 npn transistor 
(2 off) 
TR2 BC558 pnp transistor 


Miscellaneous 
WD1 piezo sounder or high 
impedance earpiece 


Stripboard, 8 holes x 8 strips; drawing 


pin (see text); PP3 9V battery; PP3 bat- 
tery clip; plastic case to suit; connecting 


wire; solder, etc. 


excl. case and battery 


Approx. Cost 
Guidance Only 
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are shown in Fig.22 as capacitor Cl and 
C2, illustrating how stray capacitance, 
which can be a problem in many high gain 
and high frequency circuits, can sometimes 
be used to advantage. 

Note that the mains Neutral is approxi- 
mately at Earth potential, although it is not 
connected to it. 


CONSTRUCTION 


The circuit is built on a piece of strip- 
board, as shown in Fig.23. There are no 
track cuts required. Ensure that the transis- 
tors and l.e.d. are correctly orientated. 

The piezo sounder, or earpiece, can be 
connected directly to the stripboard, or a 
suitable jack plug and socket arrangement 
can be used, as has been shown in previous 
designs in this series. 

Mount the circuit inside a small plastic 
box, size and shape of your choosing, but 
which should be large enough to house the 
battery. 


USING THE UNIT 


The unit will perform many useful func- 
tions and can even replace a multimeter in 
some instances, especially if only a go/no 
go display is required. Bringing the sensor 
close to a live conductor will be indicated 
by the l.e.d. lighting. This can be used to 
identify the live conductor in a cable with- 
out the need for an electrical contact, as is 
generally the case with a neon type mains 
tester. Do not use it close to an uninsulat- 
ed live mains carrying conductor. 

The live terminal of a mains outlet socket 
can also be checked to ensure that it has been 
wired correctly. If the socket is fitted with an 
on/off switch, this should be switched on. 
Bringing the unit close to the N or E termi- 
nals should not cause the 1.e.d. to turn on, but 
bringing it close to the terminal should. 


FUSE CHECKER 


The unit is also very useful in checking 
if the fuse in a mains plug is serviceable, 
without the bother of dismantling the plug 
or unplugging the appliance. This should 
be the first thing that should be checked 
when confronted by an apparently faulty 
appliance. It can be done simply by using 
this Live Wire Detector to check if the 
cable between the plug and appliance is 
live when the appliance is plugged in. 

A blown fuse will be indicated by the 
le.d. not lighting, as will a disconnected 
live wire in the plug. Unfortunately, a dis- 
connected neutral wire will not be revealed 
by this unit so that a visual inspection may 
be required, although disconnected wires 
in modern factory fitted moulded plugs are 
most unlikely. 


LIGHTS CHECK 


Older style Christmas Tree lights consist 
of a number of series-connected low volt- 
age lamps (normally 20 x 12V or 40 x 6V) 
connected across the 230V mains supply. 
Any one of these failing open circuit or 
becoming disconnected will cause the 
whole chain to fail. Discovering the 
offending bulb can mean disconnecting, 
checking and reconnecting each bulb in 
turn. Murphy’s Law ensures that it is usu- 
ally one of the last bulbs checked which 
will be found to be the cause! 

The chain is usually connected (starting 
at the plug) with a wire from the L termi- 
nal to the first bulb, the other end of which 


Everyday Practical Electronics, May 2003 


BATTERY + 


wo. 


BATTERY — 


E 
0 
Cc 
5 
a 


E 
D 
c 
B 
A 


Fig.23. Live Wire Detector stripboard component layout and completed prototype 
circuit board. Note there are no breaks in the underside copper strips. 


is connected by a short wire to the next 
bulb and so on down the chain with a long 
wire (twisted around the other wires) from 
the last bulb back to the N terminal in the 
plug. 

If, say, the fourth bulb is faulty or has 
become disconnected, bringing the sensor 
close to the first, second, third and fourth 
bulbs in turn will cause the l.e.d. to light. 
But the Le.d. will not light after the fourth 
bulb, indicating a fault there. 

Where the conductors are twisted, it may 
be found that the circuit only responds 
along certain sections of the cable. This is 
because at various places the Live wire will 
be shielded from the sensor by the other 
conductor. It is important, therefore, to 
check along a good length of cable in case 
this effect gives the impression that a cable 
is not live when it is. 

Bringing the sensor close to an earthed 
appliance should also not light the l.e.d. 
unless the earth cable is disconnected or 
broken so that this unit can also be used to 
check this. 


TAKE CARE 


It is clear that a non-lighting l.e.d. does 
not mean that a cable is safe as this could 
be due to the above shielding effect, or a 
poor sensor circuit Earth (if the user is on a 
ladder for instance). It could even be due to 
detector’s battery being disconnected or 
exhausted! It is therefore most important 
that the unit is checked on a known live 
cable, or by touching the sensor, to ensure 
that the Le.d. is operating, before testing an 
unknown conductor. 

It will be noticed that touching the sen- 
sor normally only lights the |.e.d. briefly if 
the unit is held in the hand. If it is placed 
on an insulating surface, especially in a 
region with a high mains field (anywhere 
near a live conductor), it will glow bright- 
ly. This behaviour can be used to test light 
bulbs, fuses etc., by touching the sensor 
plate with one terminal of the component 
while holding the other in your hand. A 
blown fuse or bulb will not light the l.e.d., 
allowing continuity to be checked. 


M.W. RADIO 


Some of the simple transistor-based circuit assemblies described in this series. 
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MEDIUM WAVE RADIO 


O series about transistor circuits 
IN) ver be complete without a 

simple radio circuit and, although 
better performance is obtainable using 
integrated circuits, simple radios are still 
fun to build and use and have been popular 
since the first transistors were introduced, 
well over 50 years ago. 


RADIO RULES 


Before describing the operation of this 
circuit, it may be useful to review a few 
basic principles which govern radio trans- 
mission. Aerials (both transmitting and 
receiving) are much more efficient when 
their length is comparable to the wave- 
length of the signal to be used. 

Since wavelength is inversely propor- 
tional to frequency, it is clear that lower 
frequencies require longer aerials. It is, 
therefore, impractical to try to transmit 
audio signals directly as this would require 
aerials several hundred kilometres long, so 
most radio transmissions are restricted to 
higher frequencies, above a few hundred 
kilohertz. 


CARRY ON 


To transmit any useful information (e.g. 
speech or music) this high frequency, which 
is called the carrier frequency must be mod- 
ulated and various schemes exist for doing 
so. Frequency modulation (f.m.), where the 
frequency of the carrier is varied by the 
audio signal, is the most widely used for hi- 
fi transmissions, although amplitude modu- 
lation (a.m.) is still popular where lower 
quality is acceptable. 

This is probably due to the ease with 
which an a.m. radio signal can be demod- 
ulated and the audio signal recovered. The 
use of a carrier also has the great advan- 
tage of permitting simultaneous transmis- 
sion by a large number of radio stations, 
each on a different frequency, while still 
allowing the listener to tune into one 
particular station. 

In Fig.24 is shown a high frequency car- 
rier which is amplitude modulated by a low 
frequency signal. In this case it is a sine 
wave, although it would more likely be a 
complex speech or music waveform. To 
receive this, a circuit that responds only to 
the carrier frequency (or a small range of 


SPEECH/MUSIC 
IGNAL 


CARRIER FREQUENCY 


Fig.24. The make-up of an amplitude 
modulated (a.m.) radio signal. 


VOLTAGE ACROSS 


TUNED CIRCUIT WITH REGENERATION 


WITHOUT 
REGENERATION 


—_ 
A CARRIER FREQUENCY 


RESONANCE FREQUENCY 
(DEPENDS ON VALUES OF 
CAND L) 


Fig.25. Frequency response of a tuned 
circuit. 


The graphs in Fig.25 illustrate the volt- 
age appearing across a tuned circuit at var- 
ious frequencies. It will be seen that the 
voltage falls away gradually as the applied 
carrier frequency differs from the resonant 
frequency of the tuned circuit. Thus if all 
transmissions on all frequencies had an 
equal amplitude, the one coinciding with 
the resonant frequency would produce the 
largest output. 

This is, of course, not the case as some 
transmitters radiate at lower power or are 
further away, resulting in a lower voltage 
at the receiver. For the best results it is 
clear that the peak response should be as 
“sharp” as possible to achieve maximum 
suppression of unwanted signals. This is 
governed by losses inherent in the tuned 
circuit and the smaller these are, the sharp- 
er will be the response. 


BASIC CIRCUIT 


A simple radio receiver circuit diagram 
is shown in Fig.26. The tuned circuit is 
formed by an inductor, L1, and a variable 
capacitor, VC1. The latter enables a range 
of frequencies to be tuned in. 

Assuming the transmitted signal is that 
in Fig.24, the signal appearing across the 
tuned circuit will be identical. To recover 
the audio signal, the received signal must 
be demodulated. This can be done with a 
single diode, D1, which allows only the 
positive portion of the signal to pass. It is 
followed by a simple filter, consisting of 
capacitor Cl and resistor Rl, which 
removes the high frequency carrier signal, 
leaving only the audio signal, which can be 
listened to via suitable headphones. 

Given a long aerial and a good earth 
connection, together with very sensitive 
headphones, you may just about be able to 
receive a strong local a.m. station 


frequencies around it) is required 
and here the tuned circuit, which 
we illustrated in the Metal 
Detector project (Part 2, March 
03), can be used. 


TUNED CIRCUIT 


A tuned circuit has a low 
impedance at all frequencies vet 
except its resonant frequency 
(which is determined by the 
value of the inductor and capaci- 
tor used) so that all signals 
appearing at the aerial will be 
short circuited to earth, except 


TUNED 


AERIAL 


CIRCUIT 


NS 


DETECTOR 


FILTER 
D1 


LS1 


using this circuit. For a portable 
radio, however, it is useless, but it 
gives an idea of what is required 
to make a radio. 


IMPROVEMENTS 


Aerial signals smaller than the 
forward voltage of the diode 


HEADPHONES 


EARTH = 
= 


(about 0-6V for a silicon diode) 
will not be passed to the head- 
phones so the sensitivity of the 
circuit must be improved to allow 
weaker stations to be received. 
The problem with using only 
one tuned circuit is that its 


the frequency to which the circuit 
is tuned. 
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Fig.26. Basic radio receiver circuit. 


response is too “flat” and with 
today’s crowded wavebands, it is 
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difficult to select only one station and 
stronger stations transmitting on an 
adjacent frequencies to that required can 
interfere with reception. To improve the 
selectivity, commercial receivers use many 
more tuned circuits, but this leads to other 
problems that need much more complex 
circuits to resolve. 


SENSITIVITY 


The sensitivity of the radio can be 
improved simply by amplifying the aerial 
signal before it is fed to the detector, while 
to improve the selectivity, the losses inher- 
ent in the tuned circuit must be minimised 
to sharpen its response. As a first step, any 
impedance connected across the tuned cir- 
cuit must be made high to load the tuned 
circuit as little as possible. Consequently 
the input impedance of the amplifier must 
be high. 


The tuned circuit is coupled to the base 
of transistor TR1 by capacitor C1. The lat- 
ter prevents the d.c. conditions from being 
upset by the low resistance of Ll. The 
input impedance of this stage is high due to 
the large value bias resistor R2 and the 
resistance in the emitter circuit, provided 
by preset potentiometer VRI, so that the 
tuned circuit is only lightly loaded. 

The circuit around transistor TR1 is very 
reminiscent of that used in the Metal Detector 
referred to earlier, in which the first transistor 
operated as an oscillator. Potentiometer VR1I 
is adjusted so that there is just insufficient 
positive feedback to sustain oscillation. 

As the frequency to which the circuit is 
tuned increases, this feedback also increas- 
es but since the input impedance falls, the 
losses in the tuned circuit increase so that 
the circuit remains stable and VR1 should 
not need to be constantly re-adjusted. 
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Fig.27. Practical circuit diagram for the Medium Wave Radio. 


Another thing that can be done is to try 
to replace some of the tuned circuit losses 
by using positive feedback. However, this 
can lead to oscillation, and so the feedback 
level must be closely controlled. It is 
found that the selectivity is greatly 
improved if the circuit is just on the verge 
of oscillation. 

Most circuits using this technique 
(which was called regeneration in old 
valve receivers) have a separate control to 
do this, but which is tricky to use, having to 
be adjusted for each station and is the rea- 
son why no modern commercial radios use 
it. With careful adjustment, though, it is 
possible to do away with this control and 
ensure that once set up, no further adjust- 
ment is required. 


PRACTICAL CIRCUIT 


The circuit diagram for a suitable 
receiver is shown in Fig.27. As in 
Fig.26, the tuned circuit is formed by 
inductor L1 and variable capacitor VC1. 
The coil acts not only as an inductor but 
also an aerial and the directional proper- 
ties of the ferrite rod on which it is 
wound can also be useful to help elimi- 
nate unwanted stations from interfering 
with reception. 


Everyday Practical Electronics, May 2003 


Transistor TR1 amplifies the signal 
appearing across the tuned circuit, boosting 
the sensitivity of the circuit and eliminating 
the need for an earth connection. No sepa- 
rate detector diode is used in this design as 
this function is carried out by the collector 
(c) of TRI. 


COMPONENTS 


Resistors 
R1 68k 
R2 4M7 
R3 2k2 
R4 1M5 


See 
SHOP 
TALK 


R5 4k7 page 


Potentiometers 
VR1 1k skeleton preset 
VR2 47k skeleton preset 


Capacitors 
47p ceramic 
100p ceramic 
100n polyester (2 off) 
10u radial elect. 25V 
15p to 165p variable 
capacitor 


Semiconductors 
TR1, TR2 2N3904 npn transistor 
(2 off) 
TR3 BC558 pnp transistor 


Miscellaneous 
L1 Ferrite rod, 50mm x 10mm, 
with coil (see text) 
LS1 high impedance 
earpiece 


Stripboard, 19 holes x 9 strips; PP3 
QV battery; PP3 battery clip; plastic case 
to suit; 28swg enamelled copper wire; 
solder, etc. 


Approx. Cost 
Guidance Only £5 


excl. case, earpiece and battery 


tiometer VR2, which forms a volume con- 
trol enabling the signal level to TR3, the 
earpiece driver, to be varied. 


CONSTRUCTION 


The circuit is constructed on stripboard, 
as shown in Fig.28. Care must be taken to 
ensure that stray capacitance is minimised 
by keeping component leads as short as 
possible. 

Aerial coil L1 is made by winding 10 
turns of 28s.w.g. enamelled wire onto a 


Transistor TR2 fur- 
ther amplifies the sig- 
nal but the gain at 


6 8 10 4, 14 BATTERY +V 


16 18 EI 
1517 19) VIA SWITCH 


high frequency is very 
low due to the pres- 
ence of capacitor C2, 
so that only the audio 
signal is amplified 
while the residual 
radio frequency carri- 


er signal is sup- 
pressed. Using d.c. 
negative feedback via 
R2 stabilises the oper- 
ating point of the two 
transistors, while 
capacitor C3 bypasses 
TR2’s emitter resis- 
tor, R3, so increasing 
the gain of this stage 
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at audio frequencies. 
The collector load 
consists of poten- 


Fig.28. Radio stripboard component layout, wiring and 
details of breaks required in the underside copper tracks. 
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Completed radio showing the ferrite rod aerial. 


piece of ferrite rod, 50mm long and 10mm 
in diameter. This forms the feedback wind- 
ing and should be followed by a further 60 
turns to form the main coil. 

Each turn should be made adjacent to the 
previous one and the whole winding should 
be secured to the ferrite rod with insulation 
tape. The final number of turns may need to 
be adjusted (up or down) depending on the 
actual capacitance range of variable capac- 
itor VC1, which is used to obtain the 
required medium waveband coverage. 


TUNING CHECKS 

Once construction is finished, VR1 and 
VR2 should be turned fully 
clockwise and a battery con- ut 
nected. Adjust VC1 until a 
station is heard and 
then adjust the sig- 
nal amplitude Fa 
using VRI. If eorupns 
the circuit g 
oscillates 


FINISH 


experimenter. 

This new series will view the technology in an 
historical perspective and try to dispel its mysteries. 
The main purpose, however, is to present a variety of 
practical circuits. 

You will be able to build a wide range of receivers, 
everything from a crystal set to a superhet. 


Starting Next Month... 
... RADIO CIRCUITS 


Intended to dispel the mysteries of radio, this 
short series of articles by Raymond Haigh 
features a variety of circuits for the set builder and 


(which is heard as a high pitched whistle in 
the earpiece) turn VR1 back slightly. 

Turn VC1 fully clockwise and check that 
no oscillation occurs on other stations, re- 
adjusting VRI if required. The circuit 
should now not oscillate, irrespective of 
which station is tuned in. 

The circuit will draw about 2mA, so an 
on/off switch is required. Alternatively, a 
3-5mm stereo jack socket can be fitted for 
the earpiece with the tip terminal con- 
nected to TR3’s collector, the centre ter- 


Since it is easier to remove turns than to 
add them once the wire has been cut to rune Ae 
length, it is preferable to initially wind J, LE 
slightly more turns than required. i 

A miniature tuning capacitor was p 

: : FERRITE 

used in the prototype for VC1, with a Acp Pec 

value range of ISpF to 165pF. The C ) 
actual range is not too critical as most val- 

ues can be accommodated by varying the 
number of turns on the coil, as just said, 
and/or connecting fixed capacitors across 
VC1 to adjust the range span. 


START 


minal connected to the circuit’s OV line 
(marked as Battery —V). The battery neg- 
ative itself is then connected to the outer 
terminal. 

Inserting the earpiece plug will short out 
these last two terminals, switching on the 
power to the circuit. The principle is simi- 
lar to that in Fig.7 of Part 1, Feb. ’03. 

In the concluding part of this series, next 
month, we describe a Twilight Switch, and 
a simple circuit for that most fascinating of 
all musical instruments — the Theremin. 


Fig.29. Ferrite 
aerial coil 
winding details. 


TALK 


with David Barrington 


Super Motion Sensor 

Nearly all of the “miniature” light-dependent resistors we 
looked up in various components catalogues seem to be within 
the specification required for the Super Motion Sensor project. 
A suitable I.d.r. should certainly be stocked by many of our com- 
ponents advertisers. 

The 12V relay used for this project must have switching con- 
tacts rated for the appliance it is going to be controlling. This 
may mean that it will not sit directly on the circuit board so you 
will have to mount it separately and “hard wire” the relay to the 
p.c.b’s appropriate copper pads. The Telecom type, mentioned 
by the author, should be widely available, but do not forget to 
check the contact ratings before purchase. 

The TLO71 low noise, low distortion op.amp is a popular 
device and should not present any buying problems. It was 
selected particularly for its high input impedances, which are 
necessary for this circuit. The 4066 quad bilateral switch i.c. is 
another popular widely-stocked device. 

The Sensor printed circuit board is available from the EPE 
PCB Service, code 391 (see page 359). 


Back-To-Basics 4 — Live Wire Detector/M.W. Radio 

Some readers may experience problems with a couple of 
parts for the Medium Wave Radio, one of this month’s Back-To- 
Basics projects. 

Most components suppliers carry a 100mm length by 10mm 
diameter ferrite rod, which means readers will have to cut it to 
size. One problem, ferrite is very brittle and great care will be 
needed when cutting this material. One suggestion is to score 
around the rod diameter, at the required length, and then give it 
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a “gentle” tap to snap it apart. We see that WCN Supplies 
(@ 023 8066 0700) are currently “advertising” a 140mm x 10mm 
ferrite rod, with an unwanted tuning coil, at a reasonable price. 

The specified tuning capacitor is normally found listed as a 
miniature “transistor radio” type. However, the favourite value is 
20pF to 126pF, which should be OK for this simple radio. One 
was found listed by ESR Components (@ 0191 251 4363 or 
www.esr.co.uk), code 896-110. 

No component problems should be met with the Live Wire 
Detector, the second simple project this month. 


Door Chime 

The audio amplifier i.c. chosen for the Door Chime project is 
the TDA7052 power amp chip which, in fact, contains two ampli- 
fiers in a single 8-pin d.i.l. package. This device is widely held 
and should not present any buying difficulties. You should cer- 
tainly give Cricklewood Electronics (& 020 8452 0161) a call 
as we understand they have stocks. 

The rest of the components are standard “off-the-shelf” items. 
Your local DIY superstore should have a suitable front doorbell 
pushswitch, if you do not already have one, of course. The small 
printed circuit board is available from the EPE PCB Service, 
code 390 (see page 359). 


PLEASE TAKE NOTE 
Earth Resistivity Logger (April 03) 
Page 292. The wrong operating frequency for the crystal 
X1 is listed in the Components box. This should be 
3-6864MHz. The circuit diagram Fig.5 and text are correct. 


Shoptalk (April 03) 

We regret that we gave an incorrect telephone number for 
Farnell and that it should be 0113 263 6311. You can also 
use 0870 1200 200. 
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Programming PICs the Easy Way 


Programming PICs the Easy Way is the title of a new 208 page book by Peter 
Brunning which is now included in our PIC Training & Development System. This 
new book provides a very fast start for any newcomer to PIC programming who 
needs to rapidly get to the situation where he or she can write their own 
programmes. This book starts with four very simple experiments where the 
programmes are written out in full detail so that the basic programming concepts 
are understood. In the rest of the book each chapter sets a specific task which 
creates a real life PIC controlled circuit. The complexity of the programming for 
these projects is hidden away in ready made subroutines. So although the reader 
is working in PIC assembly language it is used as if it were a high level language. 
This has the great advantage of allowing a newcomer to create their own 
complex programmes in the shortest time with the minimum amount of typing, 
while retaining all the advantages of working in PIC assembly language. 

Projects:- Traffic Lights Controller, Simple Text Messages, Using the Keypad, 
Creating a Siren Sound, Realistic Dice Machine, Freezer Thaw Warning Device, 
Voltage Measurement and Temperature Measurement. 

For readers with very little electronics experience appendix E introduces 

resistors, capacitors, diodes, transistors, MOSFETs and logic circuits. 

The software suite has been updated to include the library routines and a 


Experimenting with PIC Micros 


This book introduces the PIC16F84 and PIC16C711. 
We begin with four simple experiments, which are the 
same as in the easy programming book but this time 
using the PIC16F84. Then we study the basic principles 
of PIC programming, learn about the 8 bit timer, how to 
drive the liquid crystal display, create a real time clock, 
experiment with the watchdog timer, sleep mode, beeps 
and music, including a rendition of Beethoven's Ftir 
Elise. Finally there are two projects to work through, 
using the PIC16F84 to create a sinewave generator and 
investigating the power taken by domestic appliances. 
In the space of 24 experiments, two projects and 56 
exercises the book works through from absolute 
beginner to experienced engineer level. 

The best way to get the PIC programming language 
into your memory is to laboriously type every 
programme out in full so there are no short cuts in this 
book. However, we do understand that problems crop 
up where a typing error causes too much heart ache. If 
you do get stuck visit our web site, follow the 
instructions and we will email you the correct text. 


Ordering Information 


Telephone with Visa, Mastercard or Switch, or send 
cheque/PO to have your order immediately processed. 
Despatch is usually within 2 days of order being 
received unless we are out of stock. All prices include 
VAT if applicable. Postage must be added to all orders. 
Please state DC or battery version. If not stated battery 
version will be assumed. 


Hardware required 


Our PIC Training and Development System uses DOS 
based software which will run on any modern PC with a 
386 processor or better. It is optimised for use with 
Windows 98. For other Windows systems the software 
should be run directly from DOS. Our website contains 
full information about Windows XP which also applies in 
general terms to Windows 2000 and Windows NT. 


Please visit our website for full information:- 
www.brunningsoftware.co.uk 


system which allows break points to be placed in the programme in the 
actual PIC so that hardware problems can be more easily located. 

Our PIC training and development system now consists of our 
universal mid range PIC programmer, a 208 page easy programming 
book, a 306 page book covering the PIC16F84, a 262 page book 
introducing the PIC16F877 family, and a suite of programmes to run on 
a PC. Two ZIF sockets and an 8 pin socket allow most mid range 8, 18, 
28 and 40 pin PICs to be programmed. The plugboard is wired with a 5 
volt supply. The software is an integrated system comprising a text editor, 
assembler disassembler, simulator and programming software. The 
programming is performed at normal 5 volts and then verified with plus 
and minus 10% applied to ensure that the device is programmed with a 
good margin and not poised on the edge of failure. The DC version 
requires a 15 to 20 volt supply with a 2.1mm plug which is not included 
(UK plugtop supply £8.95). The battery version requires two PP3 
batteries which are not included. 


Order Code P404:- 

Universal mid range PIC programmer module 
+ Book Programming PICs the Easy Way 
+ Book Experimenting with PIC Microcontrollers 
+ Book Experimenting with the PIC16F877 (2nd edition) 
+ Universal mid range PIC software suite 
+ PIC16F84, 16F628 and 16F872 test PICs 

UK Postage (2 day) and insurance 

(Europe postage & Insurance ...£16.50. Rest of world . £32.50) 


Order Code P405:- 
Universal mid range PIC programmer module 
+ Book Programming PICs the Easy Way 
+ Universal mid range PIC software suite 
+ PIC16F628 and PIC16F872 test PICs 
UK Postage and insurance 


Experimenting with the PIC16F877 


This book starts with the simplest of experiments to give us a 
basic understanding of the PIC16F877 family. Then we look at 
the 16 bit timer, efficient storage and display of text messages, 
simple frequency counter, use a keypad for numbers, letters and 
security codes, and examine the 10 bit A/D converter. 

The 2nd edition has two new chapters. The PIC16F627 is 
introduced as a low cost PIC16F84. We use the PIC16F627 as 
a step up switching regulator, and to control the speed of a DC 
motor with maximum torque still available. Then we study how to 
use a PIC to switch mains power using an optoisolated triac 
driving a high current triac. 


Mail order address: 


® ; 
138 The Street, Little Clacton, Clacton-on-sea, 
Brunning Software Essex, CO16 9LS. Tel 01255 862308 
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SURFING THE INTERNET === 


NET WORK 


ALAN WINSTANLEY 


lte’s a Steal 


N last month’s column the auction web site eBay 

(www.ebay.co.uk — or select your own country’s web site) was 
described in further detail. eBay enables its members to sell a huge 
variety of products in its auctions, which run for a preset period that 
is timed accurately to the second. 

When bidding for an item, it can be infuriating to lose the auction 
when a competing higher bid is entered just a few seconds before 
the auction closes. This is especially the case when struggling with 
dial-up access, as it is impossible to refresh the screen more than 
once or twice within the closing minute of the auction. 

One way of clinching a deal is to place an earlier bid that is suf- 
ficiently high enough that no-one else will want to beat it; provided 
that a realistic grip is kept on the likely value of the item and you 
don’t get too carried away with bidding, you can hopefully frustrate 
any competing bids if you pitch yours sensibly. (As an example of 
getting carried along with the bidding, the author recently noticed a 
copy of Adobe Photoshop 7.0 that sold for £460.00, which is fast 
approaching the maximum full retail price on the High Street, and 
nearly 40% above a typical eBay price.) 

There is no substitute, though, for trumping the deal with your 
own bid placed only a few seconds before bidding is due to 
close. This last-moment winning bid is known as “sniping” and 
to the uninitiated eBayer, losing an auction to a “sniper” can be 
infuriating! To the sniper though, such a victory can be 
immensely satisfying! 


On the Line 

The trick to successful sniping is to use an online bidding service. 
A search on Google for auction stealing or auction sniping will 
highlight a number of web sites that provide this service such as that 
offered by Auctionstealer (www.auctionstealer.com or www. 
auctionstealer.co.uk). 

The service places a bid automatically on your behalf during the 
final few moments of an auction (note that some sniping services 
appear to use software running on your computer instead). This also 
relieves you of the onerous task of having to be present at your com- 
puter in order to place your bid just before closing time. 

The Auctionstealer system is easy to use and works like magic: 
simply create a username and password, and then enter the number 
of the eBay item you are inter- 
ested in, together with your 
maximum bid. As a free ser- 
vice, Auctionstealer will then 
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particularly “juicy-looking” item, then Auctionstealer offers a paid- 
for premium service starting with a $1 fee per item, that will enter 
your bid just three seconds before closure. This leaves no time for 
anyone else to respond to your bid (unless another sniper has bid a 
higher price) and it has resulted in some wonderful deals being 
struck! The paid-for service also extends to monthly subscriptions 
for frequent bidders if desired. 

Payment is made by Paypal; in fact in the author’s case, buying a 
series of $1 bids by Paypal resulted in the writer’s credit card being 
locked by Visa, who viewed the series of small Internet transactions 
with suspicion. This became apparent when a major Internet pur- 
chase of a new TV was made the next day, because the credit card 
transaction was declined. 

Overall, a combination of eBay’s web site and Auctionstealer has 
produced a number of valuable “finds” and it’s worth bookmarking 
both sites for future use. 


Paying the Paypal Way 

The problem mentioned above regarding credit card processing, 
which resulted in the writer’s credit card being frozen, highlights 
the fact that trading on the Internet is becoming ever more difficult, 
mainly due to the increased security measures that the credit card 
companies and banks have put into place. In the UK it is not easy 
for new businesses to open an Internet merchant account anyway, so 
they may not be able to accept CC payments during their start-up 
phase. 

Buyers and consumers should also be aware of the conditions 
now imposed by the credit card companies concerning the use of 
their credit card via the Internet. In particular, many CC 
providers, who demand that only a secure server be used for 
payments, expressly prohibit customers from sending a credit 
card number by open email (something that is very unwise to do 
anyway). 

The writer recorded three $1 payments to Paypal, then to make 
doubly sure that the subsequent Internet purchase of a TV was 
indeed genuine, the writer had to confirm this to Visa by phone, 
and they still sent a letter seeking further confirmation that the 
transaction was indeed genuine. The security of financial systems 
is being tightened up everywhere, to stamp out fraud and money- 
laundering. 

Paypal (www.paypal.com) is the ubiquitous online credit card 
processing service now owned 
by eBay, which boasts of hav- 
ing 20 million registered users. 
The system sounds easy 
enough but is full of pitfalls for 


seconds before the auction 
closes. 

For low value items, this is 
a great way of having your 
bids entered automatically, 
without any need to watch the 
bidding for yourself. The 
process is seamless with the 
eBay auction site, so it 
appears to eBay that you have 
placed a bid just as you usual- 
ly do. However the ten-second 
period does still offer scope 
for being outbid by others. 
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the unwary user or business 
owner. For example, their web 
site states “You can pay any- 
one with an email address . . . 
even if they don’t have a 
Paypal account.” “. . . The 
money will be sent directly to 
your recipient . . .” 

Sounds easy enough, but is 
it? Next month we look more 
closely at Paypal and highlight 
some of the potential problems 
that exist when doing business 
the Paypal way. If you have 
your own Paypal story to tell 
or would like to comment, 
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If you are keen to win what 
might be described as a 
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Auctionstealer allows last-second bids to be made. 


you can email me_ at 
alan @epemag.demon.co. 
uk. See you next month. 
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PRACTICALLY SPEAKING 


Robert Penfold looks at the Techniques of Actually Doing It! 


NE of the most common requests 
for help comes from readers who 
have gained some experience at build- 
ing projects, and wish to move on to 
designing their own circuit boards. As 
to be expected there is a natural need 
for a progression from cloning pub- 
lished projects to a more “do your own 
thing” approach. Some wish to sub- 
stantially modify existing designs or 
merge them, but the primary aim of 
most is to build from published circuits. 
There are plenty of circuits published 
in books, on the Internet, and in EPE’s 
Ingenuity Unlimited pages. In order to 
turn one of these into a working project 
it is necessary to work out your own cir- 
cuit layout using stripboard, a custom 
printed circuit board, or whatever. 

A custom printed circuit board cer- 
tainly gives the neatest results. 
Designing and building their own print- 
ed circuit boards is something that 
many electronic project builders under- 
take routinely, but it is not the best 
place to start. Initially, it is better to use 
a simpler and more direct method that 
involves fewer skills and processes. 

Stripboard is by far the most popular 
choice, but it would be a mistake to 
overlook plain matrix board. This was 
once a popular construction method, 
but these days it is mainly used for test- 
ing prototype circuits rather 
than for final construction. 


Hole Truth 

Plain matrix board is essen- 
tially stripboard minus the 
underside copper strips. There 
are expensive wiring systems 
available that utilize this type 
of board, but again, these are 
really aimed at the production 
of commercial prototypes. 

Some solder, a plain matrix 
board and some single strand 
wire is all that is needed for 
project building. The general 
scheme of things is to fit the 
components onto the board in 
much the same way as for a custom 
board or stripboard. 

However, instead of the leads being 
cut short and soldered to copper tracks 
on the underside of the board, they are 
bent over at right angles and used to 
carry the interconnections (see Fig.1). 
In other words, the leadout wires are 
used to replace the copper tracks of a 
normal printed circuit board. 

Some modern components, such as 
integrated circuits and many capaci- 
tors, have pins instead of leadout wires. 
In other cases the component leads 
may simply be too short. In either case 
some 22s.w.g. or 24s.w.g. tinned cop- 
per wire can be used to bridge any 
gaps in the wiring. 

If necessary, interconnections can be 
carried on the top side of the board by 
threading the wire up through one hole 
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in the board and then back down 
through another. This is the equivalent 
of a double-side printed circuit board or 
link-wires used on a stripboard, and it 
enables wires to cross without touching. 


Plainly Speaking 

Although no one is ever going to 
accuse plain matrix construction of 
looking particularly neat, this method of 
construction can have definite advan- 
tages. When designing any form of 
board layout it is important to bear in 
mind that there are stray couplings 
from one part of a circuit to another. 

There can be inductive couplings, but 
it is coupling through stray capacitance 
that is the major problem in most 
cases. For instance, a capacitor is sim- 
ply two pieces of metal separated by a 
layer of insulation, so two pieces of wire 
with air in between constitute a capaci- 
tor. Two copper tracks running side by 
side on a printed circuit board or a 
stripboard can also act as a capacitor. 

The values involved are tiny, but a 
very small amount of capacitance in the 
wrong place can be sufficient to pro- 
duce instability or other problems. The 
problem is most acute with circuits that 
involve large amounts of amplification 
and (or) operate at high frequencies. 


Fig.1. Plain matrix construction is not particularly neat but it 
is simple and efficient. 


Going Astray 

The stray capacitance problem is 
worst with stripboard because it has 
numerous copper tracks running the 
full length of the board, which produces 
a large number of built-in capacitors 
that are relatively high in value. There 
are ways of minimising the problem, 
such as making cuts in the strips to iso- 
late unused pieces, or even peeling 
away unused bits of copper strip. An 
earthed strip can act as a screen 
between parts of a circuit where stray 
feedback could be a problem. 

It can be a struggle to get some H.F. 
circuits to work on stripboard, and there 
is no guarantee of success. Plain matrix 
board does not eliminate these prob- 
lems, but it keeps them to an absolute 
minimum. It is the equal of a custom 
printed circuit board in this respect. 


Practically any type of project can be 
constructed on plain boards, but it can 
be awkward to use with some types of 
circuit. The main problem area is digital 
circuits that use numerous digital chips 
with huge numbers of interconnections. 

This type of thing can be accommo- 
dated by plain matrix construction, but 
it can be very time consuming and diffi- 
cult to produce neat and reasonably 
compact layouts. Construction times 
can also be very long. 

The popularity of microcontrollers 
means that traditional digital circuits of 
this type are now something of a rarity, 
so the plain matrix approach is applica- 
ble to most modern circuits. 


Initial Placements 

Probably the most difficult part of 
designing board layouts is knowing 
where to start. This is almost certain to 
be a major sticking point for someone 
trying their first few board designs. 

Initially, try a couple of board layouts 
for very simple projects. They can be 
done as pure exercises if there are no 
simple projects that you wish to build. 

The circuit diagram shown in Fig.2 
was featured in an Interface article, and 
it is designed to produce a low current 
+5V output from a PC printer port. This 
type of single chip circuit is ideal for ini- 
tial attempts at board design. 

A CAD program and a PC 
are ideal for drawing up this 
type of thing. All these pro- 
grams can produce a grid of 
dots on the screen to aid the 
placement of lines and shapes, 
and the dots can be used to 
represent the holes in the 
board. Many people use graph 
paper when drawing up 
designs on paper, but drawing 
up your own chunkier version 
on plain paper using some- 
thing like a 4H pencil is a better 
alternative. 

Plain matrix board has the 
holes drilled on the usual 0-1 
inch (2-54mm) matrix, but it easier is to 
see everything clearly if the designs are 
drawn at double life size. Initially any- 
way, draw the design as a top view only. 
Connecting wires can be represented 
as dashed lines, or drawn using a 
different colour to the one used for the 
top layer. 


Getting Started 

Start with a board outline that is def- 
initely a lot wider than is required so 
that there is no risk of the design run- 
ning out of space at one end. The 
height must have (say) five rows of 
holes to accommodate mounting holes, 
two for the supply rails, and sufficient 
rows between the supply rails for the 
circuit. 

In the case of Fig.2, the 8-pin inte- 
grated circuit requires four rows, and 
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three or four rows should be included 
above and below to allow some room to 
manoeuvre. Making the board as small 
as possible is not a consideration, so 
four holes were used above and below 
the integrated circuit. This could be 
reduced to three or even two holes if 
space was limited. 

Next the integrated circuit is drawn into 
place on its allotted rows of holes, some- 
where near the middle of the board. The 
normal orientation for integrated circuits 
is with pin one at the top, but in this case 
the layout is likely to be easier with the 
chip the other way around (as indicated 
by the pin numbers). 

With a custom printed circuit board it 
is possible to design a neat component 
layout and then join everything together 
with a complex track pattern. With plain 
matrix and stripboard construction it is 
better to “go with the flow’, and use a 
component layout that gives simple and 
reasonably direct interconnections. 


First Steps 

The obvious first step is to draw the 
connections from IC1 to the supply 
rails, and in this case there are two pins 
that connect to the positive rail (pins 4 
and 8). The simplest way of handling 
this is to add the supply connection for 
pin 4 and then add a connection 
between pins 4 and 8. The next step is 
to start adding the components to the 
design. 


they are readily accessible. In the real 
thing these connections are made via 
solder pins on the board. The double- 
sided variety of pin is better for this 
method of construction, as these pro- 
vide more for the wires on the under- 
side of the board to be connected to. 
You should end up with a design sim- 
ilar to that shown in Fig.4; without the 
deliberate mistakes. The unused areas 
at each end of the board have been 
erased and the two mounting holes 
have been added. Two are sufficient for 
small boards, but for larger boards it is 
advisable to use one near each corner. 


Final Analysis 
Even with a simple design it is 
advisable to put it to one side for half 


There are several possible solutions 
to this, and one of them is simply to 
leave the design unchanged, but with 
insulating plastic sleeving added to one 
of the wires. The solder pin could be 
moved to just below D1, but this would 
move it away from the other input con- 
nections. Another option is to weave 
one of the wires onto the top side of the 
board, over the other wire, and then 
back down again. 

Yet another option is to do some jug- 
gling with the basic design. This is quite 
easy if a CAD program is being used, 
and a modified design of Fig.4 is shown 
in Fig.5. 

Avoid making numerous changes 
simply because it is easy to do so. It 
is easy to end up in a situation where 


Strobe 


Ic] 
TLC7555CN 


To Printer Port 


Fig.2. A simple circuit that is 
ideal for an initial attempt at 
board design. 
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Fig.3. Initial design stages. 
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Fig.4. Finished but unchecked design — 
spot the “deliberate” mistakes. 
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Fig.5. Corrected and, hopefully, working design. 


It is best to start by adding the com- 
ponents that connect to the integrated 
circuit and gradually work outwards. 
Resistors Ri and R2 can be added to 
the left of |C1, and capacitor C1 can be 
added between the supply rails. This 
gives a layout something like that 
shown in Fig.3, but there is no single 
design that is right. There are usually 
numerous layouts that will give the 
desired set of interconnections. 

The process continues with the com- 
ponents being added one by one, and 
linked to the rest of the design. The 
circuit diagram will usually act as a gen- 
eral guide to the physical layout, but it 
should not be slavishly followed. Have 
the components and a board handy 
when designing layouts on “paper”. It is 
then easy to check that sufficient space 
is being left for each component. 

Finally, the off-board connections are 
added, and they should preferably be at 
or near an edge of the board where 


an hour or so and then give the design 
a thorough check. An advantage of 
this method of construction, and strip- 
board construction, is that any errors 
that make it through to the finished 
board can usually be corrected with- 
out too much trouble. A major blunder 
with a custom printed circuit board 
usually means building the whole thing 
again. 

Even though errors are easily cor- 
rected it is better to get it right first time. 
Incorrect connections can cause 
expensive damage to the components, 
and there could be safety issues as 
well. 

In the case of Fig.4, there are a cou- 
ple of obvious errors. The capacitor 
labelled C3 near the bottom right-hand 
corner of the board is actually C4. More 
importantly, the wire from the anode (a) 
of diode D1 to the solder pin crosses 
the OV supply connection to IC1, and 
would short-circuit to it. 
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two errors are added for each one 
that is corrected. In a similar vein, too 
much tidying up in an attempt to 
make the design “pretty” can add 
errors into what was previously a 
working layout. 


Grand Designs 

Producing layouts for larger circuits 
uses the same basic methods. Larger 
circuits break down into a number of 
circuit blocks, and with modern designs 
there is usually an integrated circuit at 
the heart of each block. Take things 
stage-by-stage, gradually building up 
the design. 

Plain matrix board is not well suited 
to really large projects, but with small 
and medium sized circuits it represents 
an easy way of getting started with your 
own layouts. Unlike stripboard con- 
struction, it should work first time with 
temperamental circuits where stray 
capacitance can be a problem. 
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EPE 


IS PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


ELECTRONICS PROJECTS 


Logic Probe testing 


Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix’s CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 

The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 


ene CIRCUITS & COMPONENTS V2.0 


Circuit simulation screen 


Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 

Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 


ANALOGUE ELECTRONICS 


Complimentary output stage 


Analogue Electronics is a complete learning resource for this most difficult 

branch of electronics. The CD-ROM includes a host of virtual laboratories, 

animations, diagrams, photographs and text as well as a SPICE electronic 

circuit simulator with over 50 pre-designed circuits. 

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters — Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 


DIGITAL ELECTRONICS V2.0 


Virtual laboratory — Traffic Lights 


leaded 3 Fausive Filter Deuge Lowe pase own Li 
= . 


Filter synthesis 


Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 

Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venndiagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 


FILTERS 


Filters is a complete course in designing active and passive filters that makes 
use of highly interactive virtual laboratories and simulations to explain how filters 
are designed. It is split into five chapters: Revision which provides underpinning 
knowledge required for those who need to design filters. Filter Basics which is a 
course in terminology and filter characterization, important classes of filter, filter 
order, filter impedance and impedance matching, and effects of different filter 
types. Advanced Theory which covers the use of filter tables, mathematics 
behind filter design, and an explanation of the design of active filters. Passive 
Filter Design which includes an expert system and filter synthesis tool for the 
design of low-pass, high-pass, band-pass, and band-stop Bessel, Butterworth 
and Chebyshev ladder filters. Active Filter Design which includes an expert 
system and filter synthesis tool for the design of low-pass, high-pass, band-pass, 
and band-stop Bessel, Butterworth and Chebyshev op.amp filters. 


ELECTRONICS 
CAD PACK 


2 ee bt le ae 


PCB Layout 


Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE- 
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 


ROBOTICS & 
MECHATRONICS 


Case study of the Milford 
Instruments Spider 


Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
@ Interactive Virtual Laboratories 
@ Little previous knowledge required 
@ Mathematics is kept to a minimum and 
all calculations are explained 
@ Clear circuit simulations 


PRICES 


Prices for each of the CD-ROMs above are: 


(Order form on third page) 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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Hobbyist/Student ..........::csccsesssseesseseseseesseesneeseees £45 inc VAT 
Institutional (Schools/HE/FE/Industry)............+. £99 plus VAT 
Institutional 10 user (Network Licence).......... £199 plus VAT 
Site LICONCC.ac:sciccscccesecsstecccscnssncvinceeseteccsreeeentesnee £499 plus VAT 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 2 PiCmicro MCU 
DEVELOPMENT BOARD 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn 
both how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices. For 
experienced programmers all programming software is 
included in the PPP utility that comes with the development 
board. For those who want to learn, choose one or all of the 
packages below to use with the Development Board. 

@ Makes it easier to develop PICmicro projects 

@ Supports low cost Flash-programmable PlCmicro 


devices 


@ Fully featured integrated displays — 13 individual l.e.d.s, 
quad 7-segment display and alphanumeric I.c.d. display 

@ Supports PlCmicro microcontrollers with A/D converters 

@ Fully protected expansion bus for project work 

@ All inputs and outputs available on screw terminal 


connectors for easy connection 


HARDWARE 


£145 including VAT and postage 
12V 500mA plug-top PSU (UK plug) £7 


25-way ‘D’ type connecting cable £5 


SOFTWARE 


Suitable for use with the Development Board shown above. 


ASSEMBLY FOR P!ICmicro V2 
(Formerly PICtutor) 

Assembly for PICmicro microcontrollers V2.0 
(previously known as PlICtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PliCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro  micro- 
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PiCmicro MCU as each instruction is 
executed which enhances understanding. 
@ Comprehensive instruction through 39 
tutorial sections @ Includes Vlab, a Virtual 
PlCmicro microcontroller: a fully functioning 
simulator @ Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications @ Includes MPLAB assembler 
@ Visual representation of a PlCmicro 
showing architecture and functions @ 
Expert system for code entry helps first time 
users ® Shows data flow and fetch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc.) @ Imports 
MPASM files. 


Virtual PiCmicro 


‘C’ FOR PiCmicro 
VERSION 2 


The C for PlCmicro microcontrollers CD- 
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compiler for a wide range 
of PlCmicro devices. 

Although the course focuses on the use of 
the PlCmicro microcontrollers, this CD- 
ROM will provide a good grounding in C 
programming for any microcontroller. 

@ Complete course in C as well as C 
programming for PICmicro microcontrollers 
@ Highly interactive course @ Virtual C 
PiCmicro improves understanding @ 
Includes a C compiler for a wide range of 
PiCmicro devices @ Includes full Integrated 
Development Environment @ Includes 
MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a 


compiler for all the PICmicro devices. 


Minimum system requirements for these 
items: Pentium PC running Windows 98, 
NT, 2000, ME, XP; CD-ROM drive; 
64MB RAM; 10MB hard disk space. 


FLOWCODE FOR P!ICmicro 


Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on_ flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes. 

Flowcode is a powerful language that uses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and l.c.d. displays. The use of 
macros allows you to control these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 

Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
you to program chips in minutes. 

@ Requires no programming experience @ 
Allows complex PICmicro applications to be 
designed quickly @ Uses international 
standard flow chart symbols (ISO5807) @ 
Full on-screen simulation allows debugging 
and speeds up the development process 
@ Facilitates learning via a full suite of 
demonstration tutorials @ Produces ASM 
code for a range of 8, 18, 28 and 40-pin 
devices @ Institutional versions include 
virtual systems (burglar alarms, car parks 
etc.). 


Burglar Alarm Simulation 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


Hobbyist/Student 


Institutional (Schools/HE/FE/Industry) 


Flowcode Institutional 


Institutional 10 user (Network Licence) 


Site Licence 


£45 inc VAT 
£99 plus VAT 
£70 plus VAT 
£249 plus VAT 
£599 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE DIGITAL WORKS 3.0 


EPE’s own Teach-in CD-ROM, contains 


the full 12-part Teach-in series by John FREE BOOK 

Becker in PDF form plus the Teach-in . “ 

interactive software covering all aspects ' WITH TEACH-IN Counter 
of the series. We have also added Alan . 2000 CD-ROM project 


Winstanley’s highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. 
The Teach-In series covers: Colour 
Codes and Resistors, Capacitors, 
Potentiometers, Sensor Resistors, Ohm’s 
Law, Diodes and L.E.D.s, Waveforms, 
Frequency and Time, Logic Gates, 
Binary and Hex Logic, Op.amps, 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 


Comparators, Mixers, Audio and Sensor Sine wave relationship values Fr cols adieBeying aw take you less than 10 minutes to make your 
Amplifiers, Transistors, Transformers and as’ Pe fa~ first digital design. It is so powerful that you 
Rectifiers, Voltage Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, } fompanent Testing will never outgrow its capability e Software 
Digital-to-Analogue. Bscisipheaae ebics, bee for simulating digital logic circuits e Create 


Each part has an associated practical section and the series includes a simple PC 
interface so you can use your PC as a basic oscilloscope with the various circuits. 
A hands-on approach to electronics with numerous breadboard circuits to try out. 


£12.45 including VAT and postage. Requires Adobe Acrobat (available free from 
the Internet - www.adobe.com/acrobat). 

FREE WITH EACH TEACH-IN CD-ROM - Electronics Hobbyist Compendium 80-page 
book by Robert Penfold. Covers Tools For The Job; Component Testing; Oscilloscope 
Basics. 


your own macros — highly scalable @ Create 
your own circuits, components, and i.c.s @ 
Easy-to-use digital interface e Animation 
brings circuits to life e Vast library of logic 
macros and 74 series i.c.s with data sheets 
e@ Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 

Institutional 10 user £199 plus VAT. 

Site Licence £499 plus VAT. 


ELECTRONICS IN CONTROL ELECTRONIC 
Two colourful animated courses for students on one CD-ROM. These cover Key Stage 3 and GCSE syllabuses. Key 
Stage 3: A pictorial look at the Electronics section featuring animations and video clips. Provides an ideal introduction COMPONENTS PHOTOS 
or revision guide, including multi-choice questions with feedback. GCSE: Aimed at the Electronics in many Design & A high F lecti f 200 JPG 
Technology courses, it covers many sections of GCSE Electronics. Provides an ideal revision guide with Homework eee ae eueven 
Questions on each chapter. Worked answers with an access code are provided on a special website. 9 


components. This 
Single User £29 inc. VAT. Multiple User £39 plus VAT Sechon of high Es ~— 
Student copies (available only with a multiple user copy) £6 plus VAT resolution photos can be = 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) used to enhance a ae | 


projects and 
presentations or to help 


MODULAR CIRCUIT DESIGN with training and a a 


Contains a range of tried and tested analogue and digital circuit modules, together with the ee for 
knowledge to use and interface them. Thus allowing anyone with a basic understanding of circuit symbols to use in commercial or 
design and build their own projects. Version 3 includes data and circuit modules for a range of popular PICs; includes personal printed projects, and can also be 
PICAXE circuits, the system which enables a PIC to be programmed without a programmer, and without removing it used royalty free in books. catalogues 
from the circuit. Shows where to obtain free software downloads to enable BASIC programming. magazine articles as well ‘as worldwide web 
Essential information for anyone undertaking GCSE or “A” level electronics or technology and for hobbyists who want pages (subject to restrictions — see licence for 
to get to grips with project design. Over seventy different Input, Processor and Output modules are illustrated and fully full details) 
described, together with detailed information on construction, fault finding and components, including circuit symbols, Also contains a FREE 30-day evaluation of 
pinouts, power supplies, decoupling etc. Paint Shop Pro 6 — Paint Shop Pro image 

Single User £19.95 inc. VAT. Multiple User £34 plus VAT editing tips and on-line help included! 

(UK and EU customers add VAT at 17.5% to “plus VAT” prices) Price £1 9 95 inc. VAT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser. 


pe a a re ee eee eee eee eee eee ee 
| Please send me: CD-ROM ORDER FORM ORDERING 

' [] Electronic Projects 

' L] Electronic Circuits & Components V2.0 ALL PRICES INCLUDE UK 
! [] Analogue Electronics Version required: 

! [J Digital Electronics V2.0 C1 Hobbyist/Student ORAS 

1 (] Filters L] Institutional 5 Fi 
! [] Electronics CAD Pack CL] Institutional 10 user Student/Single User/Standard Version 
1 [] Robotics & Mechatronics LC] Site licence price includes postage to most 
1 L] Assembler for PiCmicro countries in the world 

1 L] ‘C’ for PlCmicro EU residents outside the UK add £5 for 
! L] Flowcode for PiCmicro airmail postage per order 

1 L] Digital Works 3.0 

1 

H C1 PiCmicro Development Board (hardware) 

! [] Development Board UK plugtop power supply 

I L Development Board 25-way connecting lead 

| [] Teach-In 2000 + FREE BOOK 

H LC Electronic Components Photos 

' CO Electronics In Control — Single User 

1 CL] Electronics In Control — Multiple User Note: The software on each version is 

! (] Modular Circuit Design — Single User the same, only the licence for use varies. 

: C1 Modular Circuit Design — Multiple User 

VULNS! esis scege nares g doicadch grbiat lent cas ect eaieleary Geb way edhe b Gust d dhe didencbee, Serer thee bud elena Sea 

POGTOSS 2: ox iit aces, ant cto is mimosa tee aun iavirenzatis, wetness My uennensh eat b tye ienatcnc atta aay i csc pvc av ge ae thc sae loro laaatlar 

ee ccGacduce tent wegen nu seta pests feds buns ds edauadantaauadss eccadaeiaes ot 

1 

ccc POSE COD § 2:5. dosine are aoneens TOLNGS, ssc cst guts aces eae 

| IQMAUUTSS sees wists, aarti See watlals de oMemealat A alk, jects ce ate ates tl catcenl its a ec icly kiana sta iciniatl ct Son esew ll aie 2 

H (1! enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£ .............. 

H CJ Please charge my Visa/Mastercard/Amex/Diners Club/Switch:£ ....... Card expiry date: ....... 

1 

I Ga ING Soa ects sitet) plas ihe degen tee deka ate ee Giese eee aa Pageants ae Switch Issue No.......... 

: Card Security Code.......... (The last 3 digits on or just under the signature strip) 
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PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; 
Email: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag. 
wimborne.co.uk/shopdoor.htm. Cheques should be crossed and made payable to 
Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
— overseas readers allow extra if ordered by surface mail. 

Back numbers or photostats of articles are available if required — see the Back 
Issues page for details. We do not supply kits or components for our projects. 


Please check price and availability in the latest issue. 


A number of older boards are listed on our website. 
Boards can only be supplied on a payment with order basis. 


PROJECT TITLE Order Code 


PROJECT TITLE 


Order Code 


Simple Audio Circuits — 3 
— Dual Output Power Supply 356 


— Crossover/Audio Filter 
Infra-Red Autoswitch 
% EPE StyloPIC 
Rotary Combination Lock — Main Board 
— Interface Board 
% Using the PIC’s PCLATH Command — Software only 


Big-Ears Buggy | AUG ’02_| 362 

4% PIC World Clock 

Simple Audio Circuits—4 — Low Freq. Oscillator 
— Resonance Detector 


Vinyl-To-CD Preamplifier 
%& Freebird Glider Control 
4% Morse Code Reader 


Headset Communicator 

EPE Bounty Treasure Hunter 

+ % Digital 1.C. Tester 

4% PIC-Pocket Battleships — Software only 


Doorbell Extender: Transmitter 292 
Receiver 293 
Trans/Remote 294 
Rec./Relay 295 


Transient Tracker 
4% PICAXE Projects—1: Egg Timer; Dice Machine; 
Quiz Game Monitor (Multiboard) 
%& Tuning Fork & Metronome 
3% %& EPE Hybrid Computer — Main Board double- 
— Atom Board sided 


EPE Snug-bug Heat Control for Pets 296 


%& PICAXE Projects—2: Temperature Sensor; 
Voltage Sensor; VU Indicator (Multiboard) 
* Versatile PIC Flasher 


Camcorder Mixer 299 
%& PIC Graphics L.C.D. Scope 300 


Hosepipe Controller 301 
Magfield Monitor (Sensor Board) 302 
Dummy PIR Detector 303 
4% PIC16F87x Extended Memory Software only = 


373 
377 
%& PICAXE Projects—3: Chaser Lights | JAN ’03 | 373 
6-Channel Mains Interface 
EPE Minder — Transmitter 
— Receiver 
% Wind Speed Monitor 


Stereo/Surround Sound Amplifier 304 
Perpetual Projects Uniboard—1 

Solar-Powered Power Supply & Voltage Reg. 
MSF Signal Repeater and Indicator 

Repeater Board 

Meter Board 
%* PIC to Printer Interface 


Tesla Transformer 
% Brainibot Buggy 
% Wind Tunnel 


200kHz Function Generator 
Wind-Up Torch Mk II 
% Driver Alert 


Lead/Acid Battery Charger 
Shortwave Loop Aerial 
%* Digitimer — Main Board 
— R.F. Board 
Perpetual Projects Uniboard—2 
L.E.D. Flasher — Double Door-Buzzer 


% Earth Resistivity Logger 
Intelligent Garden Lights Controller 
% PIC Tutorial V2 — Software only 


Perpetual Projects Uniboard—3 
Loop Burglar Alarm, Touch-Switch Door-Light 
and Solar-Powered Rain Alarm 
L.E.D. Super Torches — Red Main 
— Display Red 
— White L.E.D. 
% Sync Clock Driver 
%* Water Monitor 


Camcorder Power Supply O 

PIC Toolkit Mk3 

Perpetual Projects Uniboard—4. Gate Sentinel, Solar- 
powered Bird Scarer and Solar-Powered Register 


Teach-In 2002 Power Supply OV ’0 
Lights Needed Alert 
Pitch Switch 
Capacitance Meter — Main Board (double-sided) 
— Display Board (double-sided) 
%* *PIC Toolkit TK3 — Software only 
4-Channel Twinkling Lights 
Ghost Buster — Mic 
— Main 
%* PIC Polywhatsit — Digital 
— Analogue 


Forever Flasher 
Time Delay Touch Switch 
%* PIC Magick Musick 
Versatile Bench Power Supply 
4% PIC Spectrum Analyser 
Versatile Current Monitor 
Guitar Practice Amp 
%*& PIC Virus Zapper 
RH Meter 
%* PIC Mini-Enigma — Software only 
%* Programming PIC Interrupts — Software onl 
%* PIC Controlled Intruder Alarm 
* PIC Big Digit Display 
Washing Ready Indicator 
Audio Circuits-1_ — LM386N-1 
— TDA7052 
— TBA820M 
— LM380N 
— TDA2003 
— Twin TDA2003 


APR ’02 
MAY ’02 


World Lamp 
Simple Audio Circuits—2 — Low, Med and High 
Input Impedance Preamplifiers (Single Trans.) 
Low-Noise Preamplifier (Dual Trans.) 
Tone Control 
Bandpass Filter 
Frequency Standard Generator — Receiver 
— Digital 
% Biopic Heartbeat Monitor 
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Door Chime 
Super Motion Sensor 


EPE SOFTWARE 


Software programs for EPE projects marked with a single asterisk * are 
available on 3-5 inch PC-compatible disks or free from our Internet site. The 
following disks are available: PIC Tutorial (Mar-May ’98); PIC Tutorial V2 
(Apr-June ’03); EPE Disk 1 (Apr ’95-Dec ’98); EPE Disk 2 (1999); EPE 
Disk 3 (2000); EPE Disk 4 (2001); EPE Disk 5 (2002); EPE Disk 6 (Jan 
2003 issue to current cover date — excl. Earth Resistivity); EPE Earth 
Resistivity Logger (Apr-May ’03); EPE Teach-In 2000; EPE Spectrum; 
EPE Interface Disk 1 (October ’00 issue to current cover date). * *The 
software for these projects is on CD-ROM. The 3-5 inch disks are £3.00 
each (UK), the CD-ROMs are £6.95 (UK). Add 50p each for overseas sur- 
face mail, and £1 each for airmail. All are available from the EPE PCB 
Service. All files can be downloaded free from our Internet FTP site: 
ftp://ftp.epemag.wimborne.co.uk. 


EPE PRINTED CIRCUIT BOARD SERVICE 


Order Code Project Quantity Price 


(cheque/PO in £ sterling only) to: 


VISA Everyday ; 
Practical Electronics 


Card No.... 


Card Exp. Date 


Card Security Code 
(The last 3 digits on or just under the signature strip) 


Signature 


MasterCard, Amex, Diners 
Club, Visa or Switch 


NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 
Internet site on a secure server: 


http://www.epemag.wimborne.co.uk/shopdoor.htm 
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Constructional Project 


EARTH 


RESISTIVITY 
LOGGER 


JOHN BECKER 


Helo your local archaeological society to 


locate and reveal the hidden mysteries of 


our ancestors. 


principles of earth resistivity monitor- 

ing and described the construction of a 
circuit through which this could readily be 
accomplished and the data stored for com- 
puter analysis. This month we detail the 
software that can help in this analysis, and 
then examine some of the soil probing 
techniques. The latest updates to the soft- 
ware are then discussed, followed by 
briefly considering the ethics of surveying 
and some practical advice and a list of fur- 
ther reading. 


PC SOFTWARE 

The Earth Resistivity Logger’s PC soft- 
ware is written in Visual Basic 6 (VB6). It 
has been proved under Windows 95, 98 
and ME. It has not been tested with 
Windows NT, XP or 2000 as the author 
does not have these systems. 

Readers who wish to try running the 
software under the last three systems may 
find benefit from reading Mark Jones’ arti- 
cle Running TK3 under Windows XP and 
2000, published in Oct ’02. 


l N Part One last month we discussed the 


There are six screens associated with the 
Logger’s VB6 program: 


@ Main screen as shown below, through 
which sectional analysis of the survey 
data is performed 

@ Full graph screen on which all 128 x 
128 download amplitude values are 
displayed graphically, in oscilloscope 
fashion (bottom photo on next page) 

@ Full grid screen on which all 128 x 128 
download values are displayed as grid 
squares having amplitude-related hues 
or greys (top photo on next page) 

@ Download screen through which data 
retrieval from the Logger is initiated 

@ Directory screen through which previ- 
ously recorded survey logging files can 
be loaded for on-screen analysis 

@ Error Message screen — which hope- 
fully you will never see! This comes 
into action if the VB6 software detects 
various types of error (such as trying to 
load a named file which does not 
exist). It does not intercept errors 
which occur outside VB6’s specified 


Pasian} | _seuifeenay | iat feneray [JMTEPE Euan Rex '2Fuem IA} _| Hearn ow Pare | 2B! 1957 


Example of the prototype’s revised main screen displays and facilities. 
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Part Two 


error interception repertoire as pro- 
grammed by the author — the PC itself 
will report any such unlikely events. 


MAIN PC SCREEN 


The main screen offers several options 
to enable you to analyse the data received 
from the Logger. It must be said, though, 
that the facilities offered through the 
Windows Excel software supported by 
most PCs probably exceed what this 
screen can offer — more on Excel later. 

There are two main areas on this screen, 
as seen in its screen-dump photograph. 

To the right is a 20 x 20 grid block of 
squares, arranged so that the vertical axis 
represents the survey site columns, and the 
horizontal axis the site rows. The site data 
values determine the colour or grey-scale 
appearance of each of these squares. Two 
scroll bars are provided which allow the 
grid data coordinates to be panned verti- 
cally and horizontally so that all 16384 
values of a 128 x 128 survey grid can be 
viewed in 400-sample blocks, seamlessly 
joined. 

The range of coordinates from the grid 
matrix displayed is stated below it. To 
know the precise coordinate of any square, 
add the values (numbered 0 to 19) indicat- 
ed alongside the edges of the matrix. 


GRID COLOURING 


There is a choice of four options regard- 
ing the colour shade range, as shown at the 
left of the screen. The lefthand bargraph 
display shows the grey-scale range avail- 
able, from white to black, 36 shades in all, 
representing values from 0 (white) to full 
black (35). 

The second bargraph shows a 36-value 
range of “rainbow” colour shades arranged 
in the order that VB6 offers them in the 
system’s own (peculiar!) numerical order. 
They are allocated by the program to rep- 
resent 0 (top) to 35 (bottom). 

Bargraph 3 is a monochrome scale of 
colours essentially in the green range but 
with varying intensities of red added. The 
36 shades are again numbered from top to 
bottom as 0 to 35. 

The 8-colour bargraph shows the “pri- 
mary” colours offered by VB6, numbered 
0 to 7, top to bottom. 

The quality and definition of the scale 
shades may vary depending on the qual- 
ity of your VDU. 

The scales are selected by clicking on 
the “radio” buttons above them. In 
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Example of the full screen grid display, using a zoom value of x9. With zoom at x1 
all 16,384 grid squares are shown. The contrast will show more clearly on screen 


than it may on this printed page. 


practice, the greyscale and monochrome 
bargraph provide the clearest indication of 
sample value relationships. 

The values which are actually obtained 
from the survey site could, as said previ- 
ously, fall into the range 0 to 1023. Two 
slider controls are provided so that the val- 
ues logged can be suitably displayed as 
comparative values within the grid squares. 
They are to the left of the grid squares, 
jointly captioned Graph, with sub-captions 
of / (forward slash symbol) and minus. 
Clicking the sub-captions with the mouse 
cursor toggles them to show X (multiply) 
and add, and back again on the next click. 

With the lefthand control, moving the 
slider causes the basic sample values to be 
either multiplied or divided by the slider’s 
value, according to its sub-caption mode. 
Similarly with the second slider, adding 
or subtracting the  slider’s value. 
Multiplication/division take place first in the 
software routine, followed by add/minus. 


These two controls allow the optimum 
shades or colour to be shown that best 
illustrate the sample value relationships. 
Even seemingly similar readings can have 
their values manipulated to increase the 
contrast. 

Above the two sliders is a Show Values 
tick box. When unticked, just the colour 
shades are shown. When ticked, the equiv- 
alent numerical value of the scale shade, 
from 0 to 35, or 0 to 7 as appropriate, is 
displayed within the squares as well. 
Clicking the box alternates the two modes. 

If a particular shade is too dark to read 
the value, move the mouse cursor over it 
and a “Tool Tip Text” box will appear, stat- 
ing the value. Tool Tip Text box messages 
appear for various functions on screen if 
you move the cursor over them. 

To the bottom of the screen below the 
grid are two text lines. The first shows the 
actual range of the sample values, the sec- 
ond shows the range after correction. 


Example of the full screen graph display. The zoom is at x9 to emphasise the con- 
tour lilnes. The samples cover a maximum area of 16 rows x 26 columns, each 
sample representing one square metre. The data is the same as in the full grid dis- 
play and is in eight colours on the screen. 
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Note that if an original sample value of 
0 is found, a dash line (—) is shown in place 
of a numerical value. This allows recogni- 
tion of any survey site squares for which a 
sample has not been taken. 


WAVEFORM DISPLAY 


The large vertical display area towards 
the left of the screen shows the sample val- 
ues plotted as graph waveforms. There are 
20 lines (each numbered) representing the 
numbered grid rows to their right. 
Horizontally, the lefthand end of each line 
corresponds with the lefthand side of the 
grid row. 

The two sliders to the left of the graph 
area allow the plot values to be varied in 
the same way as with the grid, with the 
same multiply/divide and add/minus 
options. Thus the display can again be 
manipulated to show the survey site fea- 
tures to best degree, in this case as differ- 
ing amplitude waveforms. 

The range of sample graph values is 
changed at the same time as the grid’s 
coordinate range is set via its scroll and pan 
sliders. 

Below the graph area is another tick box, 
Fill Graph Blanks. When the box is 
unticked, any zero values in the original 
(unmodified) samples are not plotted on 
screen, indicating any survey site squares 
that have not been sampled. With the box 
ticked, the zero values are plotted so that a 
continuous graph line is shown. Clicking 
the box alternates the modes. 

To the left of the graph display are 20 
numbered tick boxes. These allow selected 
graph lines to be hidden (no tick) to make 
the viewing of the data in the other lines 
clearer. As with all tick boxes, clicking 
them again alternates between on and off. 


INVERSION 


Below the Show Values tick box is 
another tick box, Invert Values. When sur- 
veying, less-dense soil produces higher 
values than dense soil. High values pro- 
duce darker shades on the grid squares and 
lower troughs on the graph lines. 

The Invert Values tick box allows the 
value relationships to be swapped, high 
becoming low, low becoming high. This 
allows denser soil conditions to be dis- 
played more darkly on the grid than for 
less-dense soil, and the graph lines to show 
peaks rather than troughs (valleys). 
Clicking the box alternates between the 
two modes. The default is for inversion 
(tick on). 


REFRESH BUTTON 


The VB6 program allows the main 
screen to be minimised and shifted in the 
usual Windows-type fashion. Because VB6 
does not regard the graph lines as being 
“permanent”, these can be fully or partial- 
ly erased by the act of minimising or shift- 
ing. To restore the graph lines on-screen, 
click the Refresh button. 

It is also necessary to use the Refresh on 
the Full Grid and Full Graph screens to 
action various value selection changes. 


FULL DISPLAY 
SCREENS 


There are two buttons, marked Full Grid 
and Full Graph. They respectively cause 
the selected full screen mode to be dis- 
played. On both, value manipulation and 
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inversion are available as on the main 
screen. So too is colour mode selection. 

Above and to the left of the grid and 
graph areas are two sliders. When 
clicked, these display the survey site grid 
coordinates to which their arrows point. 
Their position is also used by the zoom 
slider facility at the top left. 

There are 10 values of zoom selectable 
according to the ratio Zoom / 2 + 0-5, with 
a range of x1 to x5-5. The slider arrow 
positions determine the origin point on 
which the enlargement is made. Intercepts 
are included in the program to keep the dis- 
play within the bounds of its frame. 


DOWNLOADING DATA 


You require a standard serial cable, of 
the type used with normal modems (D- 
range 9-way male to female, straight 
through), for data transfer from the Logger. 
It should have a connector suited to your 
PC at one end, and a 9-pin male plug at the 
other. Adaptors (25-pin to 9-pin) are avail- 
able if an existing modem lead has a 25-pin 
male plug. 


(7) DOWNLOAD FROM PIC OPTION 
Click CANCEL to aboit it now 


Click OK to confirm download required 
Then press the PIC's Download switch 


‘You have about 30 seconds to do so before 
the Serial Fai timeout default occurs 


(eS) _ coms | 


Download option screen. 


To download data serially from the 
Logger, first click on the Download Data 
button at the bottom of the main screen. 
This causes a message screen to be dis- 
played, asking if you want to continue with 
the download, or cancel the call and re- 
show the full main screen. 

If the OK button is clicked the small 
Download screen is displayed. As advised 
on the previous message you now have 
about 30 seconds in which to press the 
Logger’s Download switch S7. During this 
30 seconds or so, a bargraph shows the 


FRE arth Resistivity Serial Data Input 


Waiting for data from PIC 


Timeout 


COOP ri ahast of aS 174227 


Once started, download takes about 30 secs. A 

Progress Bat cannot be shown as it has been found that 
this upsets clean data input with slower PCs 
Countdown bargraph while waiting for 
data to start coming from PIC. 

EarthHesist x! 
Serial ink via Com Port 2F8h failed at 14:06:33 

Cick YES to try the other Com Port address 


Me iathnalsdea Seppediaa ashram 
alter checking and cable connections 


Cick CANCEL to abort the download 


ve |S] | 


Screen displayed in the event of data 
not received due to COM port failure. 
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elapsing time before a time-out error 
occurs. 

If the time-out occurs before data is 
received, you are offered the options to 
cancel the download, for the PC to try 
downloading via its other COM port 
address (there are two allowed for, COM1 
and COM2, at addresses 2F8h and 3F8h), 
or to retry downloading from the same 
COM port address. 

If you choose that the other COM port 
address should be tried, this address is 
stored to the EarthResSettings.txt file, 
which resides in the same folder as the rest 
of the Earth Resistivity software. It is then 
recalled next time you run the program. 

It is permissible to change the COM port 
address within this file if you wish (via 
Windows Notepad for instance) — it is the 
first entry in the file. Take care not to upset 
the positions of the other lines in the file. 
These lines set various parameters for the 
program each time it is loaded and run. 

When the Logger starts to send data 
before the time-out ends, and the PC 
begins to receive it, the countdown 


(? Download staiting bytes not cleanly received 
Do you wish to ty again? 


<n 


Screen displayed if synchronisation is 
not correct. 


bargraph halts and a confirmation that 
data is being received is displayed. The 
full 32K block of Logger data (16384 
samples) is downloaded at 9600 baud, and 
initially stored into temporary memory 
locations. 

During this process, another time-out 
countdown of about one second per data 
byte is monitored. If this period is exceed- 
ed the program assumes that the download 
is complete (the PIC 
has stopped sending 
data), or that the serial 
link has been broken. 

Because the down- 
load is asynchronous 
(i.e. no handshaking), 
an error checking rou- 
tine has been includ- 
ed. When the PIC 
starts transmitting, it 
first sends several 
zeros followed by the 
message RESISTY. 

When the PC pro- 
gram finds that the 
one-second serial time- 
out has occurred, it 
checks through the first 
20 downloaded bytes 
to see if these values 
contain the ASCII 
coded RESISTY mes- 
sage. It also assesses 


C\ 


File bytes = 33767 


C:\EARTH RESISTIVITY 


offering the option to try again or cancel 
the download. 

Occasionally, the PC software thinks 
that data is arriving immediately following 
the click of OK in the Download message 
box, even before the Logger’s Download 
switch S7 has been pressed. The reason has 
not be found. It is a rare situation, though, 
and in this event the PC software almost 
immediately experiences a time-out as data 
does not continue to arrive, and then offers 
you the option to try again. 

It is worth waiting a couple of seconds 
after OK has been clicked before pressing 
switch S7, in case this situation is about to 
occur. Once the Logger has started to send 
data the process must run its full course 
and cannot be halted. The same applies to 
the PC routine, it too cannot be interrupted, 
and will continue until a time-out has been 
experienced. 

It had been hoped to provide a bargraph 
to graphically show the progress of the 
download. Regrettably, it was found that 
on slower PCs the software is incapable of 
simultaneously updating the bargraph (or 
other visual forms of timing) and reliably 
inputting the serial data. Consequently, this 
option has not been provided. It takes 
about 30 seconds to download the full 
32768 bytes. A starting time is displayed 
on screen below the primary time-out 
bargraph. 

When the download has been success- 
fully finished, a routine combines all the 
double-byte values into single 16-bit bina- 
ry values. These are converted to decimal 
and combined into lines of text data, each 
value separated by a comma. Each line 
holds the data for one survey site row (128 
values). There are 128 lines, representing 
the number of survey columns. 

This data is then output to disk, to a file 
whose unique name is in the form of the 
following example: 


EarthRes 12JAN03 10-27-35.TXT 


in which the date and time (hh-mm-ss) is 
that applying at the moment that the file is 


History: [ENEARTH RESISTIVITY y] 
FiterOn/Of MW fEath _Refresh_| 
Hard Drive = C: [Se 7] NOTES | EatthRes O1Novil2 13-46-05. txt 


EarthRes 20Jan03 13-46-05. txt 
EarthRes Orig Data21Jan03 14-1 


JEarthRes O1NovO2 13-46-05.txt 


on file name to sel 


whether the download on fie nae to view deiaile = 


quantity is correct. 

If neither fact is 
correct, the screen 
displays a message 
box stating so, 


Example of the folder directory screen through which files 
from any folder path can be selected according to a filtered 
prefix option. 
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created. (The Logger itself has not been 
provided with date or location recording 
options — it is up to you to record this infor- 
mation in some other way.) The file is held 
in the same folder that holds the rest of the 
Earth Resistivity software. 

Having saved the file, the software splits 
the recombined values into a matrix of reg- 
isters whose coordinates correspond with 
those used during the site sampling. 

It is these values that are used for display 
via the main screen’s graph and grid areas. 
They are plotted there immediately the 
Download screen closes. Simultaneously, 
the grid matrix location coordinate sliders 
are reset to zero. The value correction slid- 
ers are left as previously set, allowing var- 
ious sets of file data to be recalled from 
disk for viewing under the same corrective 
conditions. 

On return to the main screen after the 
Download, the name of the current file 
loaded (in this instance that just saved) is 
displayed in bold towards the screen’s bot- 
tom right. 


LOADING SAVED FILES 


To load the program with data from a 
previously saved file, click on the 
Directory button. This displays a multi- 
function screen through which files in any 
folder on any installed disk can be selected. 
It is a modified version of the Directory 
screen originally designed for use with the 
author’s PIC Toolkit TK3 software (Nov 
01), and since used in modified form with 
other VB6 programs as well. 

It will not be discussed in detail here as 
the screen has a NOTES button which calls 
up a Windows Notepad text window 
through which you can read the detail of 
the Directory screen’s use. 

In brief, you can change drives and 
folder paths, set a “filter” option to only 
show files having a specified prefix in 
their name, and recall previously select- 
ed paths through a History box. To select 
a file, double click on its name in the 
righthand display area. This causes it to 
be loaded and split for grid matrix allo- 
cation in the same way that the down- 
loaded file just discussed was split and 
displayed. 

One of the author’s files is included with 
the software (but with fewer that 400 sam- 
ples), plus a much longer one produced by 
Nick during his survey work. Experiment 
with them and the screen’s manipulative 
controls. 


USING WINDOWS 
EXCEL 


When the downloaded survey data is 
output to disk, it is formatted to suit its 
analysis and display via Windows Excel, a 
facility that should be on any PC running 
Windows 95 and later (search your 
Windows CD-ROM for it if it is not 
already on your system). 

As well as offering graphing facilities, 
Excel provides for mathematical expres- 
sions to be computed, making it capable of 
being set-up to calculate true earth resis- 
tivity in relation to known resistance and 
current factors. Study Excel’s Help facili- 
ty, and read Anthony Clark’s book. (As 
said last month, though, Nick’s surveys 
were done in relation to signal amplitude 
values and not the actual resistance, but 
see later.) 
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Example of using Windows Excel to display data graphically. 


The formatting simply entails using 
commas to separate the sample values, 
which are expressed as normal text charac- 
ters (e.g. 1234). 

Inevitably, there are many versions of 
Excel and specific use details that apply to 
all of them cannot be given. The chances 
are, though, that the use will be similar to 
that on the author’s main PCs. The follow- 
ing is the procedure he uses for Excel 97: 

Load Excel, using Windows’ Find button 
to locate it if necessary — on the author’s 
PCs it is at 


C:\MSOffice\Excel\EX CEL.EXE 


Now follow the path File (in top tool- 
bar), Open, Select folder, set File Type to 
Text Files, then double click on the 
required EarthRes file name to load it. A 
Text Import Wizard — Step 1 of 3 window 
is now shown, with the first several import- 
ed values on display. Select the Delimited 
option as the active “radio” button. 

Click Next to show the Text Import 
Wizard — Step 2 of 3 window. Click the 
“Delimited Comma” box to reveal a tick. 
Click other ticks to become unticked (if 
necessary). Ignore the “Text Qualifier” 
box. 

Click Next to show the Text Import 
Wizard — Step 3 of 3 window. Ignore the 
options offered, but click Finish. 

The main Excel screen will now be 
shown, with the survey values allocated to 
column and row boxes. 

Left click on one of these boxes, say the 
first one at top left, to select the starting 
coordinate of the matrix area you wish to 
show graphically. With the left mouse 
button still held down, move the mouse 
downwards and to the right, causing the 
selected boxes to show white text on a black 
background as the area is increased. The 
first box, though, remains as black on white. 


EXCEL GRAPHING 


Release the mouse button when you’ve 
selected the required area. Now click on 
the Chart Wizard icon on the top tool bar (it 
looks like several vertical rectangles, with 
an elongated diagonal shape above them — 
a chimney falling onto a factory?). The 
mouse cursor becomes a similar (but not 
identical) symbol plus a cross, representing 
that graphing mode has been selected. 


Move this cursor anywhere over the 
darkened area and left click to reveal the 
Chart Wizard — Step 1 of 5 window. The 
darkened area reverts to normal black on 
white, surrounded by a dotted box, possi- 
bly “shimmering”. 

Ignore the options offered and just click 
Next, to show the Chart Wizard — Step 2 of 
5 window. Select (left click) one of the 
graph type options offered, the “3-D 
Column” option is suggested. 

Click Next to show the Chart Wizard — 
Step 3 of 5 window. Select one of the chart 
type variants on offer, the one numbered 6, 
perhaps. 

Click Next to show the Chart Wizard — 
Step 4 of 5 window, and an illustration of 
the Sample Chart selected will be seen. 
Ignore the right hand option boxes and 
click Next, to show the Chart Wizard — 
Step 5 of 5 window. Now just click on 
Finish. 

The graph type selected will now be dis- 
played on the main Excel screen, with the 
value boxes still visible behind it. It can be 
moved around the screen and sized in the 
usual Windows style. A small (mobile) 
Chart selection window will also be dis- 
played, allowing different options of dis- 
play to be selected and manipulated. 

Save the file and its graphical displays 
(more than one can be generated on the 
screen at any time and placed at different 
positions) as an Excel-type file with any 
name of your choosing. Alternatively, sim- 
ply Exit unsaved if you prefer. 

It is now up to you to experiment with 
Excel’s numerous options, calling up its 
Help files for more information. It is an 
amazing package with many uses, and 
seemingly ideal for the sort of analysis that 
archaeological survey data calls for. In a 
word — experiment! 


PROBING METHODS 


The construction of the probe assem- 
blies will be discussed once some of the 
probing techniques have been examined. 

There are several probing methods avail- 
able through which to obtain grid data 
about a survey site. The author makes no 
attempt to recommend any one in particu- 
lar. You must do your own research into 
that, through the references given later, and 
by chatting to those in archaeological soci- 
eties who know about such things. 
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Fig.8. A 20 x 20 grid layout with Twin-Probe example positions, and the positioning 
of the probes in Wenner and Square arrays. 


There are numerous archaeological web 
sites with bulletin boards and “chat-zones” 
on-line if you search through the excellent 
www.google.com, or other quality internet 
search engines. It is worth noting, though, 
that Anthony Clark considers the Twin- 
Probe technique to be that most suitable to 
archaeological work, and is the one used 
by Nick with his surveys. 

With all techniques, the area to be sur- 
veyed is first marked out as a grid with 
tapes or similar, to form squares having 
sides of, say, one metre in length (this is a 
commonly quoted distance in this context), 
and probably forming a 20 x 20 matrixed 
area, see Fig.8. 

Anthony Clark comments that plastic 
covered clothes line is also useful for set- 
ting out a grid matrix. He cautions, though, 
that it can be difficult to untangle and on 
one site he knows of, it had to be “guarded 
in the presence of sheep, by whom it was 
regarded as a rare delicacy”! 


TWIN-PROBE 


The Twin-Probe technique is apparently 
more suited to initial surveying of a site, 
establishing whether or not it is worth car- 
rying out a more detailed survey. 

With this method, the two probes C1 and 
PI are inserted into the ground, sufficient 
to make electrical contact with it (see earli- 
er), centrally to and somewhat outside the 
area to be surveyed. Anthony Clark dis- 
cusses the best distance in his book. 

Probe Cl is the transmitting probe con- 
nected to the comparator IC3, via switch 
S2. Probe P1 is one of the receiving probes, 
connected to the input of op.amp IC4a. 

Probes C2 and P2 are inserted into the 
ground, to a similar depth, at the far cor- 
ners of the first square to be monitored, say 
top left, coordinate RO/CO (row 0, column 
0). Probe C2 is the OV reference probe, and 
P2 is connected to the input of op.amp 
IC4b. The respective leads from the Logger 
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are then connected to the probes, using 
heavy duty crocodile clips seems the 
easiest method. 

The Logger’s storage coordinates are set 
to suit the square number, i.e. to RO/CO in 
this case, and a reading saved to the 
Logger’s serial EEPROM by pressing 
switch S8. 

The C2/P2 probes are then moved to the 
top corners of the next square, to the right 
for example, to be monitored and its coor- 
dinates set into the Logger, in this case 
RO/C1. Again a reading is stored to the 
EEPROM. 

The process continues fully across hori- 
zontally for the width of the marked survey 
area, e.g. RO/C19 (the final column of this 
row in a 20 x 20 grid). The probes are then 
moved down by one row, and the process 
repeated, to the left this time, back to 
R1/CO. And then down by another row, and 
so on for all 400 squares. 


WELL ORDERED 


Note that the relative order of all probe 
connections must be maintained during the 
survey. Differences in reading can result if 
the order is changed, hence the earlier rec- 
ommendation that the plugs and crocodile 
clips should be colour-coded. 

In practice, it does not matter in which 
direction you move the probes, or whether 
you start the survey from the top of the grid 
or the bottom. Note that the PC screen 
regards location 0,0 as being at top left of 
the screen. 

“Be methodical and consistent” seems to 
be the key phrase, though — this helps you 
to establish a routine that becomes second 
nature, which the author soon found when 
starting his own mini surveys! 

It was also soon found that it is not nec- 
essary to move both probes on each occa- 
sion. Since one is already at the corner of 
the next square, it is only necessary to 
move the probe from the corner now 


finished with, putting it in the next square’s 
opposite top corner, and swap the probe 
leads to retain the correct order. 

The author surveyed his garden several 
times in different ways during design 
development, and on each occasion 
became faster at doing so. On the final sur- 
vey, on an 11 x 7 grid (77 samples) it took 
about an hour and half. 

Of course, during the process of doing 
the test surveys, several methods for speed- 
ing it were imagined. For a solitary survey- 
or, perhaps the most efficient in terms of 
speed would be to insert separate probes at 
each corner of the matrix prior to taking 
readings. It would then only be required to 
repeatedly change the lead connections — a 
seemingly much faster “conveyor belt” 
system. No doubt, though, having an assis- 
tant would probably make the moving of 
just two probes a speedy alternative. 

A perhaps less practical method was 
(bizarrely?) thought up too — using a 
motorised vehicle like a golf buggy with 
probes attached to the wheels in Boadicea 
fashion. This would then be driven back 
and forth across the grid, the probes auto- 
matically inserting themselves, and trigger- 
ing the storing of each reading at the 
correct coordinates! (Well — a chap can 
dream, can’t he?!) 


WENNER PROBING 


Another seemingly useful technique is 
known as the Wenner configuration. In this 
method the four probes are arranged in a 
straight line, equally spaced apart, say a 
metre between them. Fig.8b shows the 
order of arrangement. 

This method is apparently better suited 
to doing a more detailed survey of the 
matrixed grid site. The principle is that the 
TX probes are the outer two. The RX 
probes are in line between them. The cur- 
rent flows across the TX pair and is picked 
up across the RX pair, the received signal 
value varying with the resistance in series 
with the probes in a more direct fashion 
than with the twin-probe technique. 

A variant of this technique, the 
Schlumberger, in which the probes are not 
equally spaced, is discussed in Anthony 
Clark’s book. But he regards it as not ide- 
ally suited to archaeological surveying. 


SQUARE ARRAY 

Another method is known as the Square 
Array in Anthony Clark’s book. With this 
method, the TX and RX pairs are placed at 
the corners of the one metre squares, as 
shown in Fig.8c. The four probes are 
moved as a set from square to square. 

The transmission signal flows between 
the TX pair as before. This time the RX 
pair pick up the radiated signal at the same 
distance from the TX probes. If the soil 
resistance between the TX and RX pairs is 
uniform, so too will be the amplitude of the 
signal received by both RX probes. 

Tests showed that because the probes are 
connected to a differential amplifier, if the 
two input amplitudes are the same, they 
will cancel each other out at the final com- 
bining stage (IC4c). 

Tf, on the other hand, the amplitudes are 
not the same, the difference between them 
is that which will be finally output from 
IC4c. In this case, what would be looked 
for is any difference values, indicating the 
edge of a subterranean feature. 
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It is evident, however, that balanced 
(zero) readings, when the two input values 
are equal, would only indicate the unifor- 
mity of the terrain in that grid. It would not 
indicate whether that uniformity was due 
to a highly resistive feature or a highly 
conductive one. Nonetheless, the detection 
of only outlines might in itself be a desir- 
able situation. 

A variant of this technique would be to 
place the two TX probes at one end of a 
column, and the RX pair at the other, tak- 
ing a reading and moving both pairs to the 
next column, still at the top and bottom 
points. This could perhaps yield initial 
information about whether or not a site is 
worth examining more closely. Not being 
an archaeologist, though, the author can- 
not comment on the validity of this. 

Anthony Clark discusses the above 
named probing techniques in more detail, 
and describes others. 


PROBE 
CONSTRUCTION 


During garden tests with the prototype 
Logger, individual metal rods measuring 
about one metre long by 5mm diameter, 
and with a right-angled bend at the top 
were used as the probes. These were pur- 
chased inexpensively from a garden cen- 
tre, their intended use being to support 
plants. 

A recently observed, but not tried, 
possibility was in the form of long inex- 
pensive barbecue skewers — seen in a local 
supermarket. 

If you wish to construct purpose-built 
probe structures of more durability, and 
perhaps greater ease of use, the probe 


1050mm 


assemblies described 
by Robert Beck 
should be considered. 
Schematics of the 
original figures illus- 
trating these probes 
have been redrawn 
and are repeated here. 
Other than the fol- 
lowing details, no 
additional informa- 
tion can be offered. 
Robert’s rigid 
frame assembly for 
two probes is shown 
in Fig.9. Details of 
his single probe are 
given in Fig.10. 
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His original text 
states that the Twin- 
Probe assembly was 
specially developed 
and that its top mem- 
ber is a wooden bat- 
ten, 30mm x 50mm x 
1050mm, the ends of 
which are bound with 
self-amalgamating 
tape to form hand 
grips. 

An aluminium 
platform is attached 
to the centre of this 
batten to carry the 
case that holds the 
electronics, secured by rubber bands. The 
bottom member is a similar wooden bat- 
ten, but this piece must have good insulat- 
ing properties (to prevent current leakage 
between the probes). He suggests that you 
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Fig.9. Support frame for the Twin Probe configuration used by Robert Beck. 
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Fig.10. Construction details of Robert Beck’s probes. 


either dry and coat the batten with varnish, 
or devise insulating collars of Tuffnol or 
similar material, and fit them where the 
probes go through the batten. 

The top and bottom battens are held 
together by metal conduit pipes, threaded 
at each end and secured by lock-nuts. 

In describing the construction of the 
other probes, he says that none of their 
dimensions are critical and may be dictat- 
ed by what is to hand. In Fig.10a is shown 
a substantial probe made out of stainless 
steel tubing with a brazed on T-handle and 
tip which assist soil penetration. This 
probe is designed to be used by the opera- 
tor in the standing position. 

A smaller version of Fig. 10a is shown in 
Fig.10b. This has a 4mm screw terminal 
added, an alternative method of wire 
connection. 

Probes may be constructed of material 
other than stainless steel, which is expen- 
sive and a little difficult to obtain, he says 
(provided it is corrosion resistant of 
course). 

An extremely simple probe is shown in 
Fig.10c and which may be constructed 
from 6mm diameter metal rod, i.e. brazing 
or uncoated welding rod, mild steel, silver 
steel, etc. A depth guide consisting of a 
band of paint or insulating tape is added 
and connections are made to the top using 
a crocodile clip. 

The depth stop in Fig.10d is adjustable 
by means of an Allen key. The material 
need not be insulating, and could be of 
metal if desired. 


SERIAL OCX 


Since finalising the Earth Resistivity 
Logger Part One for publication last 
month, reader Joe Farr has provided EPE 
with a specially written SeriallIO.OCX 
program that allows legal access to Visual 
Basic’s own serial control I/O facilities. 
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This option has previously only been avail- 
able to readers who have a registered ver- 
sion of MSCOMM (as Robert Penfold has 
discussed many times through his Interface 
series). 

Joe’s serial OCX facility will be pub- 
lished in full at a later date — probably the 
September issue. However, a section of 
Joe’s program has been built into this Earth 
Resistivity (ER) program and is available 
to readers who are’ using _ the 
EarthResist.EXE standalone version. 

To use Joe’s option, though, several 
changes need to be made to ER’s p.c.b., 
without which the facility cannot function. 
They are: 


1. Cut the track (OV) connecting to IC7 
(MAX232) pin 13. 


2. Connect IC7 (MAX232) pin 13 to 9- 
pin serial socket SK3 pin 3. 


3. Connect IC7 (MAX232) pin 12 to ICS 
(PIC) pin 18 (RC7). 


This action allows the PIC to receive 
handshake data from the PC. 

To set the PIC program to respond to the 
correct serial data transmission routine, ini- 
tiate the following procedure: 


1. Before switching on power, press and 
hold down the Mode switch, S6. 


2. The screen will go into serial path 
change mode, alternating at about one-sec- 
ond intervals between a display saying 
“SERIAL PORT NORM” (original ver- 
sion) and “SERIAL PORT OCX “ (Joe’s 
OCX). 


3. Release switch S6 when the mode you 
require is shown. This mode becomes the 
active path mode and is also stored into the 
PIC’s data EEPROM, to be recalled next 
time the program is run. 


4. On release of switch S6, normal run- 
ning of the PIC program resumes. The ser- 
ial path mode may be changed whenever 
you choose. 


PC OCX SETTING 

Ensure that the PC is also set for the 
chosen mode, as follows: 

Click the on-screen button labelled 
Please Read. Accept the option that then 
follows to read the text. Having read it, exit 
the text reading screen to reveal another 
options screen. This allows you to choose 
between the new OCX option and the orig- 
inal (normal) serial mode. Click YES for 
Joe’s OCX, NO if you want to use the nor- 
mal serial download as originally written 
into the ER program, or CANCEL to exit 
without making a change to the serial path 
used. 

Your choice is recorded to disk and 
recalled next time the program is run. You 
may change your mind at another time if 
you wish, re-entering via the Special Note 
button to do so. 

Note that the same mode must be select- 
ed for the PIC and the PC. 

The advantage of Joe’s program is that it 
allows a bargraph to display the progress of 
the data input procedure. It is also likely to 
be better at detecting input data problems 
as it uses a handshake procedure to com- 
municate with the PIC, inputting the 32768 
bytes of data in blocks of 256 bytes. 

Whilst the original program inputs data 
that is usually 100% accurate, there is the 
occasional loss of synchronisation, which 
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is reported on screen, allowing you to re- 
download if you prefer, although minor 
“first aid” is provided by the program to 
regain sync after that point. It is rare, 
though, for more than one loss of sync to 
occur. Such loss should not occur with 
Joe’s OCX program. 

It should be noted that readers who wish 
to make their own changes to the ER 
source code cannot make use of Joe’s OCX 
input option. For that to be used, the instal- 
lation of Joe’s full OCX facility is required. 
For copyright reasons this will not become 
available to readers until its publication. 
Attempting to examine the ER source code 
will generate an error condition because of 
the presence of Joe’s program. Until Joe’s 
full serial program becomes available, the 
ER program can only be recompiled if 
Joe’s sub-program (EarthResOCX) and all 
references to it in the main program are 
removed. 

Also be aware that this version of ER 
with Joe’s OCX has not yet been proved on 
a wide variety machines. If it will not work 
on your PC, revert to using the normal ser- 
ial download option on PIC and PC. Please 
advise us at HQ if this is necessary, telling 
us the PC and its operating system type. 


SURVEY CURRENT 
MONITORING 


Another feature added to this version is 
the ability to monitor the current flowing 
between the transmission (TX) probes. It 
too requires a small change to the PCB: 


1. Cut the track between resistor R16 
and pin 7 of IC4. 


2. Connect the now-open end of R16 to 
the pole of switch $2. 


With switch S2 in the R5 (1k resistor) 
position, current flows from the switch 
pole through the 1k resistor and to OV via 
the resistance of the soil. These two resis- 
tances form a potential divider. The square 
wave voltage at their junction is buffered 
by R16 and half-wave rectified by diode 
D2. The resulting peak positive voltage is 
monitored via PIC pin RAO operating in 
analogue (ADC mode). The peak voltage 
depends on the resistance of the soil, and 
from this voltage value the equivalent rela- 
tive current through the resistance path can 
be calculated. 

To establish an initial reference value 
prior to any survey, switch on the unit. 
Then set switch S2 to the setting that 
directly connects the pole to IC3 output 
pin 6. Do not connect transmission probe 
Cl to socket SK2 at this time. Press 
switch S6 (Mode) and hold it pressed, 
then press switch S8 (Save) and hold it 
pressed until the message REF SAVED 
appears, preceded by a value. Release S8, 
then release S6. The value shown is now 
stored to the PIC’s EEPROM for present 
and future use. Then switch S2 to the 1k 
resistor (R5) path. 

During active surveying, the voltage 
at the pole of S2 is subtracted from the 
reference value and stored as a 6-bit 
number into bits | to 6 of the MSB of the 
survey value recorded to the external 
serial EEPROM IC6. The range of cur- 
rent values acceptable is from 0 to 63, 
and the actual value is displayed as the 
second value on lL.c.d. line 1 when in Test 
Mode (S9 on). It is followed by the letter 


A. The first value shown (followed by B) 
is that monitored from IC4b pin 8, as 
described in Part One. The output from 
IC4a is no longer monitored via the 
l.c.d. 

If current values greater than 62 are 
encountered, they are limited to 63, and the 
word MAX is displayed on the l.c.d. 
Switch $2 may be used to select one of the 
other resistors (R3 to R6) in the event that 
the site being surveyed has greater or less- 
er resistance than appropriate to a 1k fixed 
resistor value. Do not change the resistor 
value during a survey. 

The PC program stores the full 2-byte 
survey value to disk. On re-input the cur- 
rent value is extracted from the MSB, and 
the MSB is then limited to one active bit 
(bit 0). The range of survey values is then 
from 0 to 511. During surveying, the gain 
setting via switch S3 should be chosen to 
keep the values below 511, favouring a 
middle range centred on 256. If a value 
greater than 511 is encountered by the PIC, 
it is limited to 511 and the word MAX is 
shown on the L.c.d. 


CURRENT ON/OFF 
OPTION 


All three display screens of the PC pro- 
gram now have an extra tick box marked 
Current. When it is ticked, each survey 
value is multiplied by its associated current 
value divided by 10. The theory is that 
slight differences in the transmission cur- 
rent value at each survey grid square affect 
the actual value of the received voltage sig- 
nal from the receiving probes. By relating 
these voltages to their prevailing transmis- 
sion current, compensation is made for 
variations in the latter. The current values 
are not actual milliamp values, but simply 
numbers representing the relative current 
flowing. 

It is suspected, however, that in practice 
the variations make little difference to the 
interpretation of the displayed results. To 
repeat the statement made in Part One, the 
aim of this Logger is to show relative dif- 
ferences in signal amplitude across a site 
being surveyed. It is the differences that 
then indicate different sub-soil features. 

If there are significant differences they 
are worth physical investigation. If there 
are no significant differences, then the site 
is probably not worth examining further, 
unless such techniques as magnetometry or 
ground-penetrating radar reveal differently. 
A magnetometer design is currently being 
worked on and will be published in EPE at 
some time in the future, but not yet 
scheduled. 

We shall be interested to learn if you 
find that the current-monitoring feature 
enhances the results of your survey. Let us 
know via EPE HQ. 


DOT MATRIX 

A further option added to the PC pro- 
gram since Part One is the dot-matrix dis- 
play facility, operative when the Matrix 
tick-box on the Full Grid screen is ticked. 
This draws small squares on the display 
whose dimensions are relative to the signal 
amplitude. 

The principle is a bit like the dots that 
make up a B&W photograph in a newspa- 
per (known as half-tone). It will be more 
useful with a large amount of survey data 
on screen than with a small quantity. 
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MISCELLANY 


A few other “tweaks” have also been 
added since Part One. 

The text and demo circuit for some 
experiments referred to on Part One page 1 
are now accessible via buttons at the bot- 
tom left of the screen. 

Two other buttons allow you to examine 
the survey data as text files, one showing 
the twin-byte values separately, the other 
as the full combined value. These values 
include the current values as well. 

All three display screens have also been 
given a “pre-subtract” box, allowing you to 
subtract, say, the minimum value received 
from all other values, enabling relevant 
data to be extracted from any overall bias 
levels. 

Because this PC software will be used 
with the Magnetometer currently under 
development, two “radio” buttons allow 
selection of whether Earth Resistivity or 
Magnetometer data will be processed. 
Ensure that the Resistivity button is the one 
selected. 


ETHICS 


It was said in the opening paragraph in 
Part One that the original Earth Resistivity 
Meter published in EPE was an electronic 
tool to assist amateur archaeological soci- 
eties. So too is this Logger design. 

Whilst there is nothing to stop anyone 
from carrying out surveys on their own 
property, there are considerable ethical 
issues regarding the surveying of other 
land. 

First, other land is not your land, and so 
any surveying of it requires the permission 
of those who own it. Remember that all 
land in the British Isles is owned by 
someone. Find out who it is and gain their 
permission before you proceed. 

Secondly, do not dig without an 
archaeologist’s involvement. If you have 
located through your earth resistivity sur- 
vey something that proves to be a site of 
any importance, your unsupervised digging 
will certainly destroy information that is 
necessary to fully interpret the site. 

Earth resistivity surveying is essentially 
non-invasive except for the slight intrusion 
made by the probes just into the surface. 
Many landowners could well be as inter- 
ested as an archaeological society in know- 
ing what history might lie beneath their 
land, especially if they are approached in a 
polite manner and it is explained to them 
that the resistivity surveying is just a mat- 
ter of sticking some shallow probes in the 
soil. 

Remember that some locations are des- 
ignated as Scheduled Ancient Monuments 
and that permission to carry out any form 
of research on them requires official 
approval. Experienced local archaeological 
societies will know where these sites are 
and whether or not surveying permission is 
likely to be granted, and if so, by whom. If 
such information is not already known to a 
society, enquiries at the local town hall 
should provide answers. 


JOIN A SOCIETY 


It really is in your interests to join an 
archaeological society if you are not 
already a member. It is also in the society’s 
interests if you join them and they then 
have the use of your Logger! 
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Nick's survey was done not far from where John Constable painted this Boat 
Building Near Flatford Mill scene. The contours in the full graph screen shown 
earlier clearly indicate a trench comparable to that in this painting. tlustration courtesy of 
www.excelsiordirect.com/constable.htm. 


To find a local society, look in the tele- 
phone directory, or ask at the library. The 
author’s local library building even has a 
display of the artefacts found by the society 
in his area. It is a region once heavily pop- 
ulated by the Romans, with many artifacts 
that have been found on display, and even 
the ruins of two Roman villas (but left 
where they were found!). 

Only a few hundred yards from the 
author’s house a Roman corn drier was 
recently found by his local society. 400 
yards further on are the ruins of a Roman 
bath house. It is quite probable that his 
garden is on a site where Roman’s once 
trod. 

Although his survey graphics did not 
show anything other than known modern 
features, and probably including builder’s 
rubble of recent decades, perhaps he’ ll one 
day do a more detailed survey and then call 
in the archaeologists to uncover an amaz- 
ing find — one way to get the garden dug 
for him! 


NICK’S SURVEY 


Nick was fortunate enough to be permit- 
ted to survey a site made famous by 
English artist Constable (before he was 
promoted to Sergeant says reader and 
friend John Waller — quoting an old Goon 
Show line!). 

Constable painted several pictures of 
sites at and around Flatford Mill in Essex. 
One of them is his Boat Building Near 
Flatford Mill, which is reproduced here. It 
is near that site that Nick surveyed and his 
results are those illustrated earlier in the 
full graph and full screen illustrations. 
They reveal very clearly the sub-surface 
features that could have been bays cut into 
the ground where boats might well have 
been tied up. Much of the site, though, is 
now overgrown with trees, preventing ade- 
quate survey. 


The primary area covered in the survey 
is approximately 16m x 26m at maximum 
dimensions. Most of it was covered in one 
day, but then rain “stopped play” for 
several weeks. 


PRACTICAL ADVICE 


From his experience with the prototype of 
this Logger, and from his general surveying 
activity, Nick offers the following advice: 


@ For extensive survey work the battery 
needs to be bigger than PP3 size 

@ The case should be larger than in the 
prototype and a better shape to carry 
about 

@ Do not use small plugs and sockets 

@ The sockets need to be solidly mounted, 
possibly on a metal base of some 
description, and include strain relief, it’s 
surprising how hard you have to pull 
50m of cable laying on wet grass! 

@ Lay the survey out accurately, based on 
a 3, 4, 5 triangle to get the lines perpen- 
dicular. Bamboo canes make good 
markers for the l-metre grid intersec- 
tions. If using clothes line with metre 
marks, beware that rope stretches. 
Survey tapes (typically 30m) need to be 
carefully cleaned after use, or they get 
full of dirt and can jam 

@ Keep perfect track of what you have sur- 
veyed, it is horribly easy to lose track of 
the grid section that you have just 
recorded 

@ Probe around the site at random before 
you start to make sure that you are set 
up to keep the Logger’s values roughly 
around 250 

@ Try and get it all done in a day — a show- 
er overnight throws in a step function 
because you are then working in the 
area that the rain will have penetrated 

@ Coil everything neatly — controlling 50 
metres of cable across a plot is tricky 
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®@ Buy high visibility cable in case some- 
one tries to trip over it! 

@ Colour code the probes — you need to be 
consistent 

@ Ask permission, most people will be 
chuffed to bits that you want to do the 
survey — but not everybody, and make 
sure that you are not somewhere where 
you should not be 

@ Make contact with your local archeolo- 
gy group, they will be very helpful and 
interested, and may well bite your arm 
off to get you helping them 

@ Be prepared to talk to people, you 
will cause interest if you are 
somewhere public, and they will be 
surprisingly knowledgeable — and 
probably have all been watching Time 
Team 

@ Keep your ears open for local stories of 
old ruins, you might be the one that re- 
discovers something lost to history 
because you happened to take the time 
to listen to the ramblings of the old guy 
in the pub 

@ You can do a survey on your own, but it 
is much easier with two of you 

@ Keep a note book that notes the time, 
place, date, etc of the survey and things 
like weather conditions which could 
explain odd results, for example if it 
started to rain half way through the 
work 

@ Any survey must have a repeatable base 
point, or base line so that if you do find 
something interesting, you can be sure 
where it was without having to repeat 
the survey! 


@ Use compass bearings, fixed physical 
features, corners of buildings, drain cov- 
ers etc, or triangulate from fixed points 
if the survey is in an open area. Most 
archaeologists work north to south. 
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FURTHER READING 
Applied Geophysics, W.M. Telford, L.P. 

Geldart, K.E. Sheriff, D.A. Keys. Cambridge 

University Press. ISBN 0521-20670-7. 


Applied Geophysics, Griffiths and King, 
Pergamon Press. 1965. (ISBN unknown). 

Seeing Beneath the Soil, Prospecting 
Methods in Archaeology. Anthony Clark. 
Routledge. 2000. ISBN 0-415-21440-8. 
This is a revised edition of the title refer- 
enced in EPE Feb ’97, and having a differ- 
ent ISBN and publisher. It is the most 
informative source used by the author dur- 
ing the design of this Logger. 

It additionally covers other earth survey- 
ing techniques, including magnetometry, 
and provides several further reference 
sources. It is known to be available for on- 
line ordering from www.Amazon.com and 
www.BOL.com, current price around £25. 


USEFUL WEB SITES 


www.archaeology.co.uk. Various aspects 
of the subject, including further links, access 
to the magazine Current Archaeology, and to 
the Council for Independent Archaeology. 

www.geop.ube.ca. Source of semi- 
mathematical tutorial on earth resistivity 
and a link to a site called Introduction to 
Exploration Geophysics. 

www.google.com. Excellent 
engine. 


LOGGING OFF 

The ER software placed on the EPE ftp 
site on 17 March ’03, was version V1.2. 
Look in on the site occasionally to see if any 
further updates have been introduced. 


search 


CORRECTION 

Crystal X1 should be 3-6864MHz (as in 
Fig.5), not 3-2768MHz as in the compo- 
nents list. 


EPE BINDERS 


KEEP YOUR MAGAZINES SAFE — RING US NOW! 


This ring binder uses a special system to allow the issues to be easily removed and re-inserted without any dam- 
age. A nylon strip slips over each issue and this passes over the four rings in the binder, thus holding the mag- 


azine in place. 


The binders are finished in hard-wearing royal blue p.v.c. with the 
magazine logo in gold on the spine. They will keep your issues neat 
and tidy but allow you to remove them for use easily. 

The price is £6.95 plus £3.50 post and packing. If you order more 
than one binder add £1 postage for each binder after the initial 
£3.50 postage charge (overseas readers the postage is £6.00 each 
to everywhere except Australia and Papua New Guinea which costs 
£10.50 each). 

Send your payment in £’s sterling cheque or PO (Overseas read- 
ers send £ sterling bank draft, or cheque drawn on a UK bank or 
pay by card), to Everyday Practical Electronics, Wimborne 
Puublishing Ltd, 408 Wimborne Road East, Ferndown, 
Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562. 

E-mail: editorial@epemag.wimborne.co.uk. 

Web site: http://www.epemag.wimborne.co.uk 

Order on-line from: 

www.epemag.wimborne.co.uk/shopdoor.htm 


We also accept card payments. Mastercard, Visa, Amex, Diners 


Club or Switch. Send your card number and card expiry date plus 
Switch Issue No. with your order. 
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MasterGard 


Diners Chul 
International 


FREE Electronics Hobbyist Compendium 
book with Teach-In 2000 CD-ROM 


EPE TEACH-IN 
2000 CD-ROM 


The whole of the 12-part Teach-In 2000 series by John 
Becker (published in EPE Nov ’99 to Oct 2000) is now 
available on CD-ROM in PDF form. Plus the Teach-/n 
2000 interactive software covering all aspects of the 
series and Alan Winstanley’s Basic Soldering Guide 
(including illustrations and Desoldering). 

Teach-In 2000 covers all the basic principles of elec- 
tronics from Ohm's Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on the 
interactive software where you can also change compo- 
nent values in the various on-screen demonstration cir- 
cuits. 

The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a 
simple computer interface which allows a PC to be 
used as a basic oscilloscope. 


ONLY £12.45 including VAT and p&p 


PROJECT 
CONSTRUCTION 


PRACTICAL REMOTE CONTROL PROJECTS 
Owen Bishop 
Provides a wealth of circuits and circuit modules for use 
in remote control systems of all kinds; ultrasonic, infra- 
red, optical fibre, cable and radio. There are instructions 
for building fourteen novel and practical remote control 
projects. But this is not all, as each of these projects 
provides a model for building dozens of other related cir- 
cuits by simply modifying parts of the design slightly to 
suit your own requirements. This book tells you how. 
Also included are techniques for connecting a PC to a 
remote control system, the use of a microcontroller in 
remote control, as exemplified by the BASIC Stamp, and 
the application of ready-made type-approved 418MHz 
radio transmitter and receiver modules to remote control 


systems. 
Order code BP413 £6.49 


ELECTRONIC PROJECT BUILDING FOR BEGINNERS 

R. A. Penfold 

This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practi- 
cal side of this fascinating hobby, including the following 
topics: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; 
making easy work of the hard wiring; construction meth- 
ods, including stripboard, custom printed circuit boards, 
plain matrix boards, surface mount boards and wire-wrap- 
ping; finishing off, and adding panel labels; getting “prob- 
lem” projects to work, including simple methods of fault- 
finding. 

In fact everything you need to know in order to get start- 
ed in this absorbing and creative hobby. 


135 pages Temporarily out of print 


160 pages 


A PRACTICAL INTRODUCTION TO SURFACE 
MOUNT DEVICES 

Bill Mooney 

This book takes you from the simplest possible starting 
point to a high level of competence in handworking with 
surface mount devices (SMD’s). The wider subject of SM 
technology is also introduced, so giving a feeling for its 
depth and fascination. 

Subjects such as p.c.b. design, chip control, soldering 
techniques and specialist tools for SM are fully 
explained and developed as the book progresses. Some 
useful constructional projects are also included. 

Whilst the book is mainly intended as an introduction 
it is also an invaluable reference book, and the browser 
should find it engrossing. 


Order code BP411 £5.49 


FAULT-FINDING ELECTRONIC PROJECTS 

R. A. Penfold 

Starting with mechanical faults such as dry joints, short-circuits 
etc, coverage includes linear circuits, using a meter to make 
voltage checks, signal tracing techniques and fault finding on 


120 pages 


Everyday Practical Electronics, May 2003 


DIRECT BOOK 
SERVICE 


The books listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to everyone 
involved in electronics and computing. They are supplied by mail 
order direct to your door. Full ordering details are given on the last 


book page. 


FOR A FURTHER SELECTION OF BOOKS 


SEE THE NEXT TWO ISSUES OF EPE. 


All prices include UK postage 


logic circuits. The final chapter covers ways of testing a wide 
range of electronic components, such as resistors, capacitors, 
operational amplifiers, diodes, transistors, SCRs and triacs, 
with the aid of only a limited amount of test equipment. 

The construction and use of a Tristate Continuity Tester, a 
Signal Tracer, a Logic Probe and a CMOS Tester are also 


included. 
136 pages Order code BP391 £5.49 


TEST EQUIPMENT CONSTRUCTION 

R. A. Penfold 

This book describes in detail how to construct some simple and 
inexpensive but extremely useful, pieces of test equipment. 
Stripboard layouts are provided for all designs, together with 
wiring diagrams where appropriate, plus notes on construction 
and use. 

The following designs are included:- 

AF Generator, Capacitance Meter, Test Bench Amplifier, AF 
Frequency Meter, Audio Mullivoltmeter, Analogue Probe, High 
Resistance Voltmeter, CMOS Probe, Transistor Tester, TTL 
Probe. The designs are suitable for both newcomers and more 
experienced hobbyists. 


Order code BP248 £4.49 


ROBOTICS 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasing- 
ly sophisticated computer controlled robots using the 
brilliant Lego Mindstorms Robotic Invention System 
(RIS). Initially covers fundamental building techniques 
and mechanics needed to construct strong and effi- 
cient robots using the various “click-together” compo- 
nents supplied in the basic RIS kit. Explains in simple 
terms how the “brain” of the robot may be programmed 
on screen using a PC and “zapped” to the robot over 
an infra-red link. Also, shows how a more sophisticat- 
ed Windows programming language such as Visual 
BASIC may be used to control the robots. 

Detailed building and programming instructions pro- 
vided, including numerous step-by-step photographs. 


Order code BP901 £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


Covers the Vision Command System 


Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some sim- 
ple home constructed units. You will be able to build 
robots that can provide you with ‘waiter service’ when 
you clap your hands, perform tricks, ‘see’ and avoid 
objects by using ‘bats radar’, or accurately follow a line 
marked on the floor. Learn to use additional types of 
sensors including rotation, light, temperature, sound 
and ultrasonic and also explore the possibilities provid- 
ed by using an additional (third) motor. For the less 
experienced, RCX code programs accompany most of 
the featured robots. However, the more adventurous 
reader is also shown how to write programs using 
Microsoft's VisualBASIC running with the ActiveX con- 
trol (Spirit.OCX) that is provided with the RIS kit. 
Detailed building instructions are provided for the fea- 
tured robots, including numerous step-by-step pho- 
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 


specific colour. 
Order code BP902 £14.99 


104 pages 


288 pages 


298 pages 


RADIO / TV 
VIDEO 


ELECTRONIC PROJECTS FOR VIDEO ENTHUSIASTS 
R. A. Penfold 
This book provides a number of practical designs for 
video accessories that will help you get the best results 
from your camcorder and VCR. All the projects use 
inexpensive components that are readily available, and 
they are easy to construct. Full construction details are 
provided, including stripboard layouts and wiring dia- 
grams. Where appropriate, simple setting up procedures 
are described in detail; no test equipment is needed. 
The projects covered in this book include: Four channel 
audio mixer, Four channel stereo mixer, Dynamic noise 
limiter (DNL), Automatic audio fader, Video faders, Video 
wipers, Video crispener, Mains power supply unit. 


109 pages Order code BP356 £5.45 


SETTING UP AN AMATEUR RADIO STATION 

I. D. Poole 

The aim of this book is to give guidance on the decisions 
which have to be made when setting up any amateur 
radio or short wave listening station. Often the experience 
which is needed is learned by one’s mistakes, however, 
this can be expensive. To help overcome this, guidance is 
given on many aspects of setting up and running an effi- 
cient station. It then proceeds to the steps that need to be 
taken in gaining a full transmitting licence. 

Topics covered include: The equipment that is needed; 
Setting up the shack; Which aerials to use; Methods of 
construction; Preparing for the licence. 

An essential addition to the library of all those taking 
their first steps in amateur radio. 


86 pages Order code BP300 £4.45 


EXPERIMENTAL ANTENNA TOPICS 

H. C. Wright 

Although nearly a century has passed since Marconi's first 
demonstration or radio communication, there is still 
research and experiment to be carried out in the field of 
antenna design and behaviour. 

The aim of the experimenter will be to make a measure- 
ment or confirm a principle, and this can be done with 
relatively fragile, short-life apparatus. Because of this, 
devices described in this book make liberal use of card- 
board, cooking foil, plastic bottles, cat food tins, etc. These 
materials are, in general, cheap to obtain and easily worked 
with simple tools, encouraging the trial-and-error philosophy 
which leads to innovation and discovery. 

Although primarily a practical book with text closely 
supported by diagrams, some formulae which can be used 
by straightforward substitution and some simple graphs 
have also been included. 


72 pages Order code BP278 £4.00 


25 SIMPLE INDOOR AND WINDOW AERIALS 

E. M. Noll 

Many people live in flats and apartments or other types of 
accommodation where outdoor aerials are prohibited, or a 
lack of garden space etc. prevents aerials from being 
erected. This does not mean you have to forgo shortwave-lis- 
tening, for even a 20-foot length of wire stretched out along 
the skirting board of a room can produce acceptable results. 
However, with some additional effort and experimentation 
one may well be able to improve performance further. 

This concise book tells the story, and shows the reader 
how to construct and use 25 indoor and window aerials that 
the author has proven to be sure performers. Much infor- 
mation is also given on shortwave bands, aerial directivity, 
time zones, dimensions etc. 


50 pages Order code BP136 £2.25 
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THEORY AND REFERENCE 


Bebop To The 
Boolean Boogie 


By Clive (call me 
Max) Maxfield 
Specially imported 
by EPE - Excellent 
value 


An Unconventional 
Guide to 
Electronics 
Fundamentals, 
Components and 
Processes 


This book gives the 
“big picture” of digital 
electronics. This 
indepth, highly readable, up-to-the-minute guide shows you 
how electronic devices work and how they're made. You'll 
discover how transistors operate, how printed circuit 
boards are fabricated, and what the innards of memory ICs 
look like. You'll also gain a working knowledge of Boolean 
Algebra and Karnaugh Maps, and understand what Reed- 
Muller logic is and how it’s used. And there’s much, MUCH 
more (including a recipe for a truly great seafood gumbo!). 
Hundreds of carefully drawn illustrations clearly show the 
important points of each topic. The author's tongue-in- 
cheek British humor makes it a delight to read, but this is a 
REAL technical book, extremely detailed and accurate. A 
great reference for your own shelf, and also an ideal gift for 
a friend or family member who wants to understand what it 
is you do all day... . 


BcRoOP E 


BOOLSN 
BOOGE 


470 pgs — large format Feycelmereye (a=) =H £26.95 


BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 

Clive (Max) Maxfield and Alvin 
Brown 


This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information 
about how computers work. It 
picks up where “Bebop |” left off, 
guiding you through the fascinat- 
ing world of computer design .. . 


and you'll have a few chuckles, if not belly laughs, along 
the way. In addition to over 200 megabytes of mega-cool 
multimedia, the CD-ROM contains a virtual microcomput- 
er, simulating the motherboard and standard computer 
peripherals in an extremely realistic manner. In addition to 
a wealth of technical information, myriad nuggets of triv- 
ia, and hundreds of carefully drawn illustrations, the CD- 
ROM contains a set of lab experiments for the virtual 
microcomputer that let you recreate the experiences of 
early computer pioneers. If you're the slightest bit inter- 
ested in the inner workings of computers, then don’t dare 
to miss this! 

Over 800 pages in Adobe Acrobat format 

£21.95 including VAT and p&p 


Order code BEB2 CD-ROM 


ELECTRONICS MADE SIMPLE 

lan Sinclair 

Assuming no prior knowledge, Electronics Made Simple 
presents an outline of modern electronics with an empha- 
sis on understanding how systems work rather than on 
details of circuit diagrams and calculations. It is ideal for 
students on a range of courses in electronics, including 
GCSE, C&G and GNVQ, and for students of other 
subjects who will be using electronic instruments and 
methods. 

Contents: waves and pulses, passive components, 
active components and ICs, linear circuits, block and 
circuit diagrams, how radio works, disc and tape record- 
ing, elements of TV and radar, digital signals, gating 
and logic circuits, counting and correcting, micro- 
processors, calculators and computers, miscellaneous 


systems. 
Order code NE23 


199 pages 
SCROGGIE’S FOUNDATIONS OF WIRELESS 
AND ELECTRONICS — ELEVENTH EDITION 
S.W. Amos and Roger Amos 
Scroggie’s Foundations is a classic text for anyone work- 
ing with electronics, who needs to know the art and craft 
of the subject. It covers both the theory and practical 
aspects of a huge range of topics from valve and tube 
technology, and the application of cathode ray tubes to 
radar, to digital tape systems and optical recording 
techniques. 

Since Foundations of Wireless was first published over 60 


£13.99 


years ago, it has helped many thousands of readers to 
become familiar with the principles of radio and electronics. 
The original author Sowerby was succeeded by Scroggie in 
the 1940s, whose name became synonymous with this 
classic primer for practitioners and students alike. Stan 
Amos, one of the fathers of modern electronics and the 
author of many well-known books in the area, took over the 
revision of this book in the 1980s and it is he, with his son, 
who have produced this latest version. 


400 pages Order code NE27 


GETTING THE MOST FROM YOUR MULTIMETER 

R. A. Penfold 

This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing the 
relative merits and the limitations of the two types. In 
Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resis- 
tors, capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 

In the main little or no previous knowledge or experi- 
ence is assumed. Using these simple component and cir- 
cuit testing techniques the reader should be able to con- 
fidently tackle servicing of most electronic projects. 


Order code BP239 £4.49 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and techni- 
cians, seeks to establish a firm foundation in digital elec- 
tronics by treating the topics of gates and flip-flops thor- 
oughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh map- 
ping are explained, demonstrated and used extensively, 
and more attention is paid to the subject of synchronous 
counters than to the simple but less important ripple 
counters. 

No background other than a basic knowledge of elec- 
tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 


Order code PC106 £9.95 


£21.99 


96 pages 


200 pages 


MUSIC, AUDIO AND VIDEO 


QUICK GUIDE TO ANALOGUE SYNTHESIS 

lan Waugh 

Even though music production has moved into the digi- 
tal domain, modern synthesisers invariably use ana- 
logue synthesis techniques. The reason is simple — 
analogue synthesis is flexible and versatile, and it’s rel- 
atively easy for us to understand. The basics are the 
same for all analogue synths, and you'll quickly be able 
to adapt the principles to any instrument, to edit exist- 
ing sounds and create exciting new ones. This book 
describes: How analogue synthesis works; The essen- 
tial modules every synthesiser has; The three steps to 
synthesis; How to create phat bass sounds; How to 
generate filter sweeps; Advanced synth modules; How 
to create simple and complex synth patches; Where to 
find soft synths on the Web. 

If you want to take your synthesiser — of the hardware 
or software variety — past the presets, and program 
your own sounds and effects, this practical and well- 
illustrated book tells you what you need to know. 


Order code PC118 £7.45 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you 
get them? How do you use them? Why have they thrown 
record companies into a panic? Will they make music 
easier to buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this 
concise and practical book which explains everything 
you need to know about MP3s in a simple and easy-to- 
understand manner. It explains: 

How to play MP3s on your computer; How to use 
MP3s with handheld MP3 players; Where to find MP3s 
on the Web; How MP8s work; How to tune into Internet 
radio stations; How to create your own MP3s; How to 
record your own CDs from MP3 files; Other digital audio 
music formats. 

Whether you want to stay bang up to date with the lat- 
est music or create your own MP3s and join the on-line 
digital music revolution, this book will show you how. 


60 pages Order code PC119 £7.45 


60 pages 


ALL PRICES 
INCLUDE UK POST 
AND PACKING 


CD-ROM prices include VAT 
and/or postage to anywhere 
in the world 
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ELECTRONIC MUSIC AND MIDI PROJECTS 

R. A. Penfold 

Whether you wish to save money, boldly go where no musi- 
cian has gone before, rekindle the pioneering spirit, or sim- 
ply have fun building some electronic music gadgets, the 
designs featured in this book should suit your needs. The 
projects are all easy to build, and some are so simple that 
even complete beginners at electronic project construction 
can tackle them with ease. Stripboard layouts are provided 
for every project, together with a wiring diagram. The 
mechanical side of construction has largely been left to 
individual constructors to sort out, simply because the vast 
majority of project builders prefer to do their own thing in 
this respect. 

None of the designs requires the use of any test equip- 
ment in order to get them set up properly. Where any set- 
ting up is required, the procedures are very straightforward, 
and they are described in detail. 

Projects covered: Simple MIIDI tester, Message grabber, 
Byte grabber, THRU box, MIDI auto switcher, Auto/manual 
switcher, Manual switcher, MIDI patchbay, MIDI controlled 
switcher, MIDI lead tester, Program change pedal, 
Improved program change pedal, Basic mixer, Stereo 
mixer, Electronic swell pedal, Metronome, Analogue echo 


unit. 
Order code PC116 


124 pages 

THE INVENTOR OF STEREO - THE LIFE AND WORKS 
OF ALAN DOWER BLUMLEIN 

Robert Charles Alexander 

This book is the definitive study of the life and works of 
one of Britain’s most important inventors who, due to a 
cruel set of circumstances, has all but been overlooked by 
history. 

Alan Dower Blumlein led an extraordinary life in which his 
inventive output rate easily surpassed that of Edison, but 
whose early death during the darkest days of World War 
Two led to a shroud of secrecy which has covered his life 
and achievements ever since. 

His 1931 Patent for a Binaural Recording System was 
so revolutionary that most of his contemporaries regard- 
ed it as more than 20 years ahead of its time. Even years 
after his death, the full magnitude of its detail had not 
been fully utilized. Among his 128 patents are the princi- 
pal electronic circuits critical to the development of the 
world’s first elecronic television system. During his short 
working life, Blumlein produced patent after patent 
breaking entirely new ground in electronic and audio 
engineering. 

During the Second World War, Alan Blumlein was deeply 
engaged in the very secret work of radar development and 
contributed enormously to the system eventually to become 
‘H25' — blind-bombing radar. Tragically, during an experi- 
mental H2S flight in June 1942, the Halifax bomber in which 
Blumlein and several colleagues were flying, crashed and 
all aboard were killed. He was just days short of his thirty- 


ninth birthday. 
Order code NE32 


420 pages 


£10.95 


£17.99 


VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this book 
contains a collection of electronic projects specially designed 
for video enthusiasts. All the projects can be simply con- 
structed, and most are suitable for the newcomer to project 
construction, as they are assembled on stripboard. 

There are faders, wipers and effects units which will 
add sparkle and originality to your video recordings, an 
audio mixer and noise reducer to enhance your sound- 
tracks and a basic computer control interface. Also, 
there’s a useful selection on basic video production 
techniques to get you started. 

Complete with explanations of how the circuit works, shop- 
ping lists of components, advice on construction, and guid- 
ance on setting up and using the projects, this invaluable 
book will save you a small fortune. 

Circuits include: video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved video 
wiper, negative video unit, fade to grey unit, black and white 
keyer, vertical wiper, audio mixer, stereo headphone 
amplifier, dynamic noise reducer, automatic fader, pushbut- 
ton fader, computer control interface, 12 volt mains power 


supply. 
ler code PC115 


124 pages 

PC MUSIC — THE EASY GUIDE 

Robin Vincent 

How do | make music on my PC? Can | record music onto 
my PC? What's a sequencer? How can | get my PC to print 
a music score? What sort of a soundcard do | need? What 
hardware and software do | need? How do | connect a key- 
board to my PC?: 

Just a few of the questions you’ve probably asked. Well, 
you'll find the answers to all these questions, and many 
more, in this book. It will show you what can be done, what 
it all means, and what you will need to start creating your 
own music on your PC. It's an easy read, it’s fully illustrated 
and it will help you understand how a computer can be used 
as a creative music tool. 

It covers soundcards, sequencers, hard disk digital audio 
recording and editing, plug-ins, printing scores with notation 
software, using your PC as a synthesiser, getting music onto 
and off the Internet, using Windows, sample PC music set- 
ups, FAQs, a glossary, advice on hardware and software, 
and a list of industry contacts. 


116 pages Order code PC117 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 

R. A. Penfold 

Practical construction details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. includes MOSFET and bipolar transistor 


designs. 
Order code BP277 £4.49 
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CIRCUITS AND DESIGN 


AN INTRODUCTION TO PIC MICROCONTROLLERS 
Robert Penfold 

Designing your own PIC based projects may seem a 
daunting task, but it is really not too difficult providing you 
have some previous experience of electronics. 

The PIC processors have plenty of useful features, but 
they are still reasonably simple and straightforward to 
use. This book should contain everything you need to 
know. 

Topics covered include: the PIC register set; numbering 
systems; bitwise operations and rotation; the PIC instruc- 
tion set; using interrupts; using the analogue to digital 
converter; clock circuits; using the real time clock counter 
(RTCC); using subroutines; driving seven segment 
displays. 


166 pages Temporarily out of print 


PRACTICAL OSCILLATOR CIRCUITS 

A. Flind 

Extensive coverage is given to circuits using capacitors 
and resistors to control frequency. Designs using 
CMOS, timer i.c.s and op.amps are all described in 
detail, with a special chapter on “waveform generator” 
i.c.s. Reliable “white” and “pink” noise generator circuits 
are also included. 

Various circuits using inductors and capacitors are cov- 
ered, with emphasis on stable low frequency generation. 
Some of these are amazingly simple, but are still very 
useful signal sources. 

Crystal oscillators have their own chapter. Many of the 
circuits shown are readily available special i.c.s for 
simplicity and reliability, and offer several output frequen- 
cies. Finally, complete constructional details are given for 
an audio sinewave generator. 


Order code BP393 £5.49 


PRACTICAL ELECTRONICS HANDBOOK — 

Fifth Edition. lan Sinclair 

Contains all of the everyday information that anyone 
working in electronics will need. 

It provides a practical and comprehensive collection of 
circuits, rules of thumb and design data for professional 
engineers, students and enthusaists, and therefore 
enough background to allow the understanding and 
development of a range of basic circuits. 

Contents: Passive components, Active discrete 
components, Circuits, Linear |.C.s, Energy conversion 
components, Digital |.C.s, Microprocessors and micro- 
processor systems, Transferring digital data, Digital- 
analogue conversions, Computer aids in electronics, 
Hardware components and practical work, Micro-con- 
trollers and PLCs, Digital broadcasting, Electronic 


security. 
Order code NE21 £16.99 


133 pages 


440 pages 


COIL DESIGN AND CONSTRUCTIONAL MANUAL 

B. B. Babani 

A complete book for the home constructor on “how to 
make” RF, IF, audio and power coils, chokes and trans- 
formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail. 
Although this book is now twenty years old, with the 
exception of toroids and pulse transformers little has 
changed in coil design since it was written. 


96 pages Order code 160 £4.49 


OPTOELECTRONICS CIRCUITS MANUAL 

R. M. Marston 

A useful single-volume guide to the optoelectronics 
device user, specifically aimed at the practical design 
engineer, technician, and the experimenter, as well as 
the electronics student and amateur. It deals with the 
subject in an easy-to-read, down-to-earth, and non- 
mathematical yet comprehensive manner, explaining 
the basic principles and characteristics of the best 
known devices, and presenting the reader with many 
practical applications and over 200 circuits. Most of the 
i.c.s and other devices used are inexpensive and read- 
ily available types, with universally recognised type 


numbers. 
Order code NE14 £20.99 


OPERATIONAL AMPLIFIER USER’S HANDBOOK 

R. A. Penfold 

The first part of this book covers standard operational 
amplifer based “building blocks” (integrator, precision 


182 pages 


rectifier, function generator, amplifiers, etc), and consid- 
ers the ways in which modern devices can be used to give 
superior performance in each one. The second part 
describes a number of practical circuits that exploit mod- 
ern operational amplifiers, such as high slew-rate, ultra 
low noise, and low input offset devices. The projects 
include: Low noise tape preamplifier, low noise RIAA pre- 
amplifier, audio power amplifiers, d.c. power controllers, 
opto-isolator audio link, audio millivolt meter, temperature 
monitor, low distortion audio signal generator, simple 
video fader, and many more. 


Order code BP335 £5.45 


A BEGINNERS GUIDE TO CMOS DIGITAL ICs 

R. A. Penfold 

Getting started with logic circuits can be difficult, since many 
of the fundamental concepts of digital design tend to seem 
rather abstract, and remote from obviously useful applica- 
tions. This book covers the basic theory of digital electronics 
and the use of CMOS integrated circuits, but does not lose 
sight of the fact that digital electronics has numerous “real 
world” applications. 

The topics covered in this book include: the basic 
concepts of logic circuits; the functions of gates, invert- 
ers and other logic “building blocks”; CMOS logic i.c. 
characteristics, and their advantages in practical circuit 
design; oscillators and monostables (timers); flip/flops, 
binary dividers and binary counters; decade counters 
and display drivers. 


Order code BP333 £5.45 


120 pages 


119 pages 


AUDIO AND MUSIC 


INTRODUCTION TO DIGITAL AUDIO 

(Second Edition) lan Sinclair 

The compact disc (CD) was the first device to bring digital 
audio methods into the home. 

This development has involved methods and circuits 
that are totally alien to the technician or keen amateur 
who has previously worked with audio circuits. The princi- 
ples and practices of digital audio owe little or nothing to 
the traditional linear circuits of the past, and are much 
more comprehensible to today’s computer engineer than 
the older generation of audio engineers. 

This book is intended to bridge the gap of understand- 
ing for the technician and enthusiast. The principles and 
methods are explained, but the mathematical background 
and theory is avoided, other than to state the end product. 


Order code PC102 £8.95 


VALVE & TRANSISTOR AUDIO AMPLIFIERS 

John Linsley Hood 

This is John Linsley Hood’s greatest work yet, describ- 
ing the milestones that have marked the development of 
audio amplifiers since the earliest days to the latest 


128 pages 
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systems. Including classic amps with valves at their 
heart and exciting new designs using the latest compo- 
nents, this book is the complete world guide to audio 
amp design. 

Contents: Active components; Valves or vacuum 
tubes; Solid-state devices; Passive components; 
Inductors and transformers; Capacitors, Resistors, 
Switches and electrical contacts; Voltage amplifier 
stages using valves; Valve audio amplifier layouts; 
Negative feedback; Valve operated power amplifiers; 
Solid state voltage amplifiers; Early solid-state audio 
amplifiers; Contemporary power amplifier designs; 
Preamplifiers; Power supplies (PSUs); Index. 


250 pages Order code NE24 £21.99 


AUDIO AMPLIFIER PROJECTS 

R. A. Penfold 

A wide range of useful audio amplifier projects, each 
project features a circuit diagram, an explanation of the 
circuit operation and a stripboard layout diagram. All 
constructional details are provided along with a shop- 
ping list of components, and none of the designs 
requires the use of any test equipment in order to set 
up properly. All the projects are designed for straight- 
forward assembly on simple circuit boards. 

Circuits include: High impedance mic preamp, Low 
impedance mic preamp, Crystal mic preamp, Guitar and 
GP preamplifier, Scratch and rumble filter, RIAA 
preamplifier, Tape preamplifier, Audio limiter, Bass and tre- 
ble tone controls, Loudness filter, Loudness control, 
Simple graphic equaliser, Basic audio mixer, Small 
(300mW) audio power amp, 6 watt audio power amp, 
20/32 watt power amp and power supply, Dynamic noise 
limiter. 

A must for audio enthusiasts with more sense than 


money! 

116 pages £10.95 
VALVE AMPLIFIERS 

Second Edition. Morgan Jones 

This book allows those with a limited knowledge of the field 
to understand both the theory and practice of valve audio 
amplifier design, such that they can analyse and modify cir- 
cuits, and build or restore an amplifier. Design principles and 
construction techniques are provided so readers can devise 
and build from scratch, designs that actually work. 

The second edition of this popular book builds on its main 
strength — exploring and illustrating theory with practical 
applications. Numerous new sections include: output trans- 
former problems; heater regulators; phase splitter analysis; 
and component technology. In addition to the numerous 
amplifier and preamplifier circuits, three major new designs 
are included: a low-noise single-ended LP stage, and a pair 
of high voltage amplifiers for driving electrostatic transduc- 
ers directly — one for headphones, one for loudspeakers. 


288 pages Order code NE33 £29.95 


LOUDSPEAKERS FOR MUSICIANS 
Vivan Capel 
This book contains all that a working musician needs to 
know about loudspeakers; the different types, how they 
work, the most suitable for different instruments, for 
cabaret work, and for vocals. It gives tips on constructing 
cabinets, wiring up, when and where to use wadding, 
and when not to, what fittings are available, finishing, 
how to ensure they travel well, how to connect multi- 
speaker arrays and much more. 

Ten practical enclosure designs with plans and 
comments are given in the last chapter, but by the time 
you've read that far you should be able to design your own! 


164 pages Order code BP297 £5.49 
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WHETHER ELECTRONICS IS YOUR HOBBY 
OR YOUR LIVELIHOOD... 


you NEED THE MODERN ELECTRONICS MANUAL 


and the ELECTRONICS SERVICE MANUAL 


The essential reference 
work for everyone 
studying electronics 


© Over 800 pages 

e In-depth theory 

© Projects to build 

e@ Detailed assembly instructions 
@ Full components checklists 

e Extensive data tables 

e@ Manufacturers’ web links 

e Easy-to-use Adobe Acrobat 
format 

Clear and simple layout 
Comprehensive subject range 
Professionally written 
Regular Supplements 


EVERYTHING YOU NEED TO GET 
STARTED AND GO FURTHER IN ELECTRONICS! 


The revised CD-ROM edition of the Modern Electronics Base 
Manual (MEM) contains practical, easy-to-follow information on the 
following subjects: 


BASIC PRINCIPLES: Electronic Components and their 
Characteristics (16 sections from Resistors and Potentiometers to 
Crystals, Crystal Modules and Resonators); Circuits Using Passive 
Components (10 sections); Power Supplies; The Amateur 
Electronics Workshop; The Uses of Semiconductors; Digital 
Electronics (6 sections); Operational Amplifiers; Introduction to 
Physics, including practical experiments; Semiconductors 

(5 sections) and Digital Instruments (3 sections). 


CIRCUITS TO BUILD: There's nothing to beat the satisfaction of 
creating your own projects. From basic principles, like soldering 
and making printed circuit boards, to the tools needed for 
circuit-building, the Modern Electronics Manual and its 
Supplements describe clearly, with appropriate diagrams, how to 
assemble a radio, loudspeaker circuits, amplifiers, car projects, 


a computer interface, measuring instruments, workshop 
equipment, security systems, medical and musical circuits, etc. 
The Base Manual describes 12 projects including a Theremin 
and a Simple TENS Unit. 


ESSENTIAL DATA: Extensive tables on diodes, transistors, 
thyristors and triacs, digital and linear i.c.s. 


EXTENSIVE GLOSSARY: Should you come across a technical 
word, phrase or abbreviation you're not familiar with, simply look 
up the glossary included in the Manual and you'll find a 
comprehensive definition in plain English. 


The Manual also covers Safety and provides web links to 
component and equipment Manufacturers and Suppliers. 

The most comprehensive reference work ever produced at a price 
you can afford, the CD-ROM edition of THE MODERN 
ELECTRONICS MANUAL provides you with all the essential 
information you need. 


THE MODERN ELECTRONICS MANUAL wen - co-Rom version only) 


Revised CD-ROM Edition of Basic Work: Contains over 800 pages of information in Adobe Acrobat format. Edited by John Becker. 
Regular Supplements: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of 
electronics are available for £19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you. 
Presentation: CD-ROM suitable for any modern PC. Requires Adobe Acrobat Reader which is included on the MEM CD-ROM. 


Price of the Basic Work: £29.95 POST FREE. 


ORDER BOTH MANUALS TOGETHER AND SAVE £20 


A mass of well-organised and clearly explained information is brought to you by expert editorial 


teams whose combined experience ensures the widest coverage 
Regular Supplements to these unique publications, keep you abreast of the latest technology and 
techniques if required 


ELECTRONICS SERVICE MANUAL 


(PRINTED VERSION ONLY) 


EVERYTHING YOU NEED TO KNOW TO GET STARTED IN The essential work for 
REPAIRING AND SERVICING PLECTRONIC EQUIPMENT | servicing and re pa irin g 
SAFETY: Be knowledgeable about Safety Regulations, Electrical Safety and First Aid. electronic equipment 
UNDERPINNING KNOWLEDGE: Specific sections enable you to Understand Electrical © Around 900 
and Electronic Principles, Active and Passive Components, Circuit Diagrams, Circuit 7 pages” 
Measurements, Radio, Computers, Valves and Manufacturers' Data, etc. © Fundamental principles 
PRACTICAL SKILLS: Learn how to identify Electronic Components, Avoid Static @ Troubleshooting techniques 
Hazards, Carry Out Soldering and Wiring, Remove and Replace Components. @ Servicing techniques 

© Choosing and using test 


TEST EQUIPMENT: How to Choose and Use Test Equipment, Assemble a Toolkit, Set 
Up a Workshop, and Get the Most from Your Multimeter and Oscilloscope, etc. 


SERVICING TECHNIQUES: The regular Supplements include vital guidelines on how to 
Service Audio Amplifiers, Radio Receivers, TV Receivers, Cassette Recorders, Video 
Recorders, Personal Computers, etc. 


TECHNICAL NOTES: Commencing with the IBM PC, this section and the regular 
Supplements deal with a very wide range of specific types of equipment — radios, TVs, 
cassette recorders, amplifiers, video recorders etc.. 


REFERENCE DATA: Detailing vital parameters for Diodes, Small-Signal Transistors, 
Power Transistors, Thyristors, Triacs and Field Effect Transistors. Supplements include 
Operational Amplifiers, Logic Circuits, Optoelectronic Devices, etc. 


ELECTRONICS SERVICE MANUAL 


(ESM - Printed version only) 


Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA 
Regular Supplements: Unlike a book or encyclopedia, this Manual is a living work — 
continuously extended with new material. If requested, Supplements are sent to you on 
approval approximately every three months. Each Supplement contains around 160 pages 
—all for only £23.50+£2.50 p&p. You can, of course, return any Supplement (within ten 
days) which you feel is superfluous to your needs. You can also purchase a range of past 
Supplements to extend your Base Manual on subjects of particular interest to you. 
Presentation: Durable looseleaf system in large A4 format 


Price of the Basic Work: £29.95 
(to include a recent Supplement FREE). 


equipment 

Reference data 

Easy-to-use format 

Clear and simple layout 

Vital safety precautions 
Professionally written 

Regular Supplements 

Sturdy gold blocked ring-binder 


Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with the Electronics Service 
Manual, for whatever reason, simply return it to us in good condition within 30 days and we will make a full refund of your 
payment — no small print and no questions asked. All we ask is that you pay the return postage. (Overseas buyers also have to 

pay our overseas postage charge). Sorry, but we can only make exchanges on the Modern Electronics Manual (CD-ROM 
version) if the CD-ROM is faulty, we cannot offer a money back guarantee on this product as the content can be printed out. 


Wimborne Publishing Ltd., Dept Y5, 408 Wimborne Road East, Ferndown, Dorset BH22 OND. Tel: 01202 873872. Fax: 01202 874562. 
Online shop: www.epemag.wimborne.co.uk/shopdoor.htm 
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